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that of the United Slates* R&D trends in West Germany at the national level as well as 
for individual sectors are presented, and data on S/T outputs are discussed* 
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introduction 



West Germany has traditionally excelled in science and 
technology. During the last 20 years, it has increase! its ex- 
penditures and personnel for research and development to the 
extent that it has now reached a level of research and develop- 
ment (R&D) investment that is comparable to that of the Unit- 
ed States in terms of size of the economies. This report profiles 
West Germany's scientific and technological (S/T) investments 
and outputs since 1970 and compare* them with those of the 
United States. 

In West Germany/ responsibility for science and for re- 
search and development is divided between the Federal and 
State Governments- School and university affairs are prin- 
cipally the responsibility of the State which provides support 
for faculty salaries and operating expenses as well as basic 
laboratory equipment. Under the Basic Law adopted by the 
Constitutional Assembly in 1949, the Federal Government was 
given concurrent legislative powers with regard to the promo- 
tion of scientific research. In 1969/ changes in the Basic Law 
gave the Federal Government wider powers/ enabling it to 
participate in the planning and financing of higher education 
and to assist in constructing and expanding new universities 
and clinics. The Federal and State Governments also share 
joint responsibility for funding certain research institutes and 
projects, 1 

Because of these joint responsibilities, data on West Ger- 
man Government research and development reflect the contri- 
butions of both the Federal and State Governments. In the 
United States/ the Federal Government has assumed the pri- 
mary role of funding research and development and thus U.S. 
Government R&D expenditures presented here are separately 
budgeted Federal expenditures. State contributions to aca- 
demic research and development in the United States are 
reported by universities and colleges as their own funds. 

A discontinuity in the West German R&D data was caused 



by the introduction in 1978 of a major Federal R&D promotion 
program for small- and medium-sized firms. Under this pro- 
gram/ the Government supports 40 to 50 percent of the sal- 
aries of R&D personnel in small companies (under 500 em- 
ployees) and up to 45 percent of new or additional R&D 
personnel in medium-sized firms (500-5,000 employees). 2 This 
program increased actual R&D investments, and also led to an 
extension of coverage of newly identified small- and medium- 
sized firms in the survey of industrial R&D efforts- Therefore, 
the rate of growth in West German R&D expenditures and 
number of R&D personnel between 1977 and 1979 was some- 
what exaggerated. Nevertheless, there would still have been 
growth in West German R&D investments. The average an- 
nual growth rate of industrial R&D expenditures from 1977 to 
1979 is e^mated to have been II percent in constant dollars 
without the inclusion of these small- and medium-sized firms, 
and the average increase of scientists and engineers engaged in 
research and development would still have been 11 percent. 3 
Hie latest actual R&D expenditure data available for West 
Germany in many cases are for 1981- The data on 1982 and 1983 
are preliminary figures. Some budgetary figures for 1985/ as 
well as Federal plans for R&D expenditures in 1987, are pre- 
sented for West Germany. Data are unavailable for a few of the 
years, and in those cases, estimates by the National Science 
Foundation (NSF) have been provided and are noted as such in 
the tables in the appendix. NSF estimates have been based on 
preliminary national data for 1983-85 in the ratio of research 
and development to the gross national product (R&D/GNP) 
and in the nondefense R&D/GNP ratio. Data are available for 
the United States that are more recent than those shown in this 
reports but because the focus is on West Germany rather than 
the United States/ U.S. data are shown only through the latest 
year for which actual West German expenditure data are avail- 
able. 



■Hddegard and Reinhold GeJmer, Research Organization and Science Promotion m the 
federal Republic of Germany (Munich, West Germany; K, G< Sam 1981^ 



: tederal Ministry for Research on ^ Technology-_Bundesmini$ten:um fur Ftxfschung 
und Technologfe (BMFT). This program has changed slightly i^verthe year*. See page tX 
for n*ore details* 

'Organisation for Economic Co-operation ana !>velopment (0ECD), 
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highlights 



national r&d patterns 



• Although West German expenditures for research and de- 
velopment are only one-fifth those of the United States, ihe 
ratio of these expenditures to the GNP has been similar for 
each of the two countries since the late seventies. Estimates 
for 1985 indicate that the United States has increased its 
R&D/GNP ratio to 2.7 percenc compared with 2.6 percent in 
West Germany. 

• In constant-dollar terms/ R&D expenditures in West Ger- 
many and in the United States increased 75 percent and 63 
percent respectively from 1970 to 1985. Since 1975/ 
however R&D expenditures have grown more rapidly in the 
United States. 

• West Germany has a higher ratio of nondefense R&D ex- 
penditures to GNP than does the United States. In 1985, the 
West German ratio was estimated to be 2.5 percent com- 
pared vith L9 percent for the United States. 

• A high proportion of West German R&D expenditures is 
devoted to basic research— 22 percent in 198L In the United 
States, basic research represents about 13 percent of total 
R&D expenditures. The lower U.S. share is influenced by 
large development expenditures associated with defense 
needs* 

• In both West Germany and thv* United States/ 60 percent of 
basic research is performed in the higher education sector 
and almost one-fifth in the industrial sector 

• In the early eighties there was about the same concentration 
of natural scientists and engineers in the labor force in buth 
countries. Estimates for 1984 show almost 5 West German 
scientists and engineers engaged in research and develop- 
ment for every 1,000 persons in the labor force compared 
with more than 6 in the United States. 



government research 
and development 

• The Government share of R&D funding has dedined in both 
countries. In 1973/ at least half of each Nation's R&D funds 
was supplied by the public sector. By 1983, Government was 
the source of only 41 percent of the West German national 
R&D funding effort compared with 47 percent in the Unit- 
ed States. Estimates for 1985 indicate that these shares have 
remained steady. 

• R&D funding is nevertheless seen as an important priority 
for both the Governments of West Germany and the United 
States, West German Federal budget data show a 16-percent 
increase for research and development between 1983 and 
1985, compared with a 28-percent increase in the United 
Slates. 

• About two-thirds of the U.S. Government funds for re 
search and development were invested in defense projects 
in 1984; West Germany's investment for defense research 
and development represented only 10 percent of Govern- 
ment R&D funds in 1983/ but increased to 12 percent in 1985. 

• Energy represented a higher proportion (15 percent) of Gov- 
ernment R&D funds in West Germany than in the United 
States (6 percent) in 1984. But the West German Federal 
Government plans to decrease funding in this area through 
1987 and estimates for 1985 show that energy decreased to 13 
percent of total Government R&D spending. 

• In 1983/ the West German Federal Government budgeted 
$36.4 million for research and development in bio- 
technology/ and plans to increase expenditures by about 6 
percent per year through 1987. By comparison/ one estimate 
of U.S. Government expenditures in biotechnology in fiscal 
years 1982 and 1983 is over $522 million. 



3 



• In 1983/ industrial development was allotted 12 percent of 
Government R&D funds in West Germany, compared with 
only 0.3 percent in the United States. Although it is cur- 
rently a small program/ West German Federal funding of 
manufacturing production technology is scheduled for aver- 
age annual increases of 37 percent through 1987. 

special west german s/t 
organizations 

• Although the Max^Planck Society has considerable influ- 
ence and is important in the West German basic research 
effrrt/ its budget represents only about 2 percent of the 
natf >nal R&D expenditures in West Germany. In 1933/ cur- 
rant R&D funds designated for Max-Planck Institutes were 
about $375 million. Over 60 percent of these funds were 
allocated to natural science fields. 

• The Fraunhofer Society is an important performer of applied 
research and development. In 1985/ it is estimated that 60 
percent of thi$ Society's finances came from contract work — 
both for industry and government. It is instrumental in 
doing research in the key technology areas identified by the 
Federal Ministry for Research and Technology and also has 
six institutes devoted to defense research and supported by 
the Federal Ministry of Defense. 

• West Germany has 13 large-scale national laboratories, 
many of which are involved in high-energy physics and 
nuclear research. In 1983 their budgets totaled $1-6 billion/ 
about 90 percent of which was financed by the Federal 
Ministry for Research and Technology. 

• The German Research Society is not an R&D-performer 
organization; rather it distributes R&D funds primarily to 
the higher education sector. Almost all of its funds are from 
public sources. In 1984/ its budget was about $440 million, 
with Federal sources providing 58 percent, and State gov- 
ernments giving 41 percent. About a third of its resc *ces 
went to life sciences/ a fourth to physical science and mathe- 
matics, and more than a fifth to engineering. 

industrial research and 
development 

• About 70 percent of all research and development was per- 
formed in the industrial sector in both West Germany and 
the United States in 1983. 

• Throughout most of the Ms, industrial R&D expenditures 
increased much more rapidly in West Germany than in the 
United States, West German industrial R&D growth has 
slowed since — rising only 10 percent in constant dollars 
during 1979-83 compared with 25 percent in the United 



States. In 1983, U.S. industrial R&L> funds were five times 
those of West Germany. 

• Industrial R&D expenditures were twice as concentrated in 
the chemical and allied products industries in West Ger- 
many in 1981 as they were in the United States. 

• The R&D-to-sales ratio for all industries combined was 
slightly lower in West Germany — 2.8 percent in 1981 — com- 
pared with 3.1 percent in the United States. Using this 
measure, the aerospace industry is the most R&D-intensive 
in both countries. 

• Industrial R&D scientists and engineers are most heavily 
concentrated in the electrical equipment industry. In West 
Germany, 38 percent of all such scientists and engineers 
were employed in this industry compared with 22 percent in 
the United States. 

higher education 

• West Germany invests about the same proportion of its R&D 
expenditures in the higher education sector (16 percent in 
1983) as does the United States (13 percent). Both countries 
concentrate their R&D resources in the natural sciences. 4 

• The number of first university diplomas awarded by West 
Germany in the natural science fields increased 65 percent 
from 5,400 in 1973 to 8,900 in 1983. Over the same period, 
the number of U.S. bachelor degrees in natural sciences 
increased only 11 percent. The United States, however, 
grants over three times the number of natural science de- 
grees relative to its population than does West Germany. 

• First university diplomas awarded in engineering increased 
over 70 percent in West Germany during the 1973-83 period/ 
reaching a total of 7,700. In 1983, 12 to 13 out of every 100/000 
people in West Germany received a university engineering 
degree compared with 31 in the United States. If one were to 
include fachhochschule engineers whose training at these 
technical schools is shorter and more specialized/ however/ 
West Germany's proportion of engineering degrees per 
100/000 population would be 37— higher than that of the 
United States. 

• West Germany has increased its doctoral productionin natu- 
ral science and engineering (S/E) fields, and in 1983 gradu- 
ated a higher proportion of doctorates relative to the size of 
its population in both of these fields than did the United 
States. 

• In West Germany, women receive a relatively high propor- 
tion of bachelor level degrees in natural sciences (30 percent 
in 1962) and a relatively low proportion of degrees in engi- 
neering (7 percent). U.S. trends are similar, but women 
represent a higher percentage of the recipients in both 
fields. 



'Includes physical biological, and mathematical sciences 
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s/t outputs and impacts 

• In 1982, West German scientists and engineers authored 6.5 
percent of the articles in a set of the world's influentiat S/T 
journals. This proportion of scientific literature is twice as 
large as West Germany's share of the industrialized world's 
researchers. The highest West German share of such S/T 
literature was in the Held of physics (6.8 percent), followed 
by engineering and technology, and mathematics (both 6.6 
percent), Between 1981 and 1982, the West German share 
increased somewhat in physics and biomedical research. 

• There were a number of subfields in 1982 in which West 
German articles represented at least 10 percentof the world's 
S/T literature: Applied chemistry (15 percent); nuclear tech- 
nology (14 percent); orthopedics (13 percent); obstetrics/ 
gynecology (13 percent); and microscopy (12 percent); met- 
als and metallurgy, materials science/ and nuclear and pani- 
cle physics (each 10 percent). 

• Patent applications are frequently used as indicators of in- 
ventiveness. Domestic patent applications decreased in both 
West Germany and the United States in the seventies. Re- 
centdata show a more optimistic picture; from 1981 to 1984, 
domestic patent applications increased 9 percent in West 
Germany compared with only a 1-percent decline in the 
United States. 

• The number of U.S. patents granted to West German inven- 



tors rose more than 40 percent from 1970 to 1984. Over 60 
percent of all U.S. patents granted to West German inven- 
tors are in machinery and chemical and allied products 
technologies. 

• Some of the product groups in which West German inven- 
tors were granted the highest proportion of U.S. patents of 
any foreign country were railroad equipment, special indus- 
trial machinery/ industrial organic chemistry, agricultural 
chemicals, ordnance, and missiles and space vehicles. 

• West Germany has a negative balance of trade in tech- 
nology-intensive products with the United States. In 1970, 
this deficit was only $0.5 billion, but by 1981, it reached $2.8 
billion. Since then there has been an improvement in the 
West German trade balance with the United States which 
registered -$1.5 million in 1984. In 1984. West Germany's 
deficit with Japan ($2.4 billion) was greater than its deficit 
with the United States. West Germany maintains a positive 
balance of technology-intensive trade with Italy, France, 
and the United Kingdom and registered a positive world 
balance of trade in these products of $10.6 billion in 1984. 

• Between 1970 and 1984, both the West German and U.S. 
wodd export shares declined in many of the technology- 
intensive product groups. West Germany increased its ex- 
port share only in aircraft and parts — from 3.4 percent in 
1970 to 15.2 percent in 1984. Its export share was highest in 
plastics and synthetic materials and this share has remained 
steady at about 21 percent. 



5 




national r&d patterns 



total r&d 
expenditures 

Between 1970 and 1985/ R&D expendi- 
tures in West Germany increased 75 per- 
cent in constant-dollar terms {chart !)■ 
Over the same period, U.S. investments 
in research and development rose 63 
percent in constant dollars. Since 1975/ 
howevec R&D expenditures have grown 
more rapidly in the United States. In 
1985, West Germany invested over 
DM47 billion in research and develop- 
ment which is the equivalent of 11.1 bil- 
lion in constant (1975) dollars/ and the 
United States invested 58.2 billion in 
constant dollars. 

The United States invests much more 
in research and development in absolute 
terms than West Germany/ but relative to 
the size of its economy/ the West German 
R&D investment is fairly comparable to 
that of the United States. The West Ger- 
man R&D/GNP ratio increased 
throughout the late seventies and from 
1978 to 1982 actually surpassed the U.S. 
ratio (chart 2). Estimates for 1985 indicate 
that the United States increased its R&D/ 
GNP ratio to 27 percent compared with 
2,6 percent in West Germany. 

West Germany has a higher ratio of 
nondefense R&D expenditures to GNP 
than does the United States. West Ger- 



many has generally increased its invest- 
ment in nondefense research and de- 
velopment at a pace faster than its 
economic growth (chart 3). Between 1977 
and 1983, nondefense R&D expendi- 
tures grew almost 70 percent in West 



Germany compared with a 40-percent 
increase in GNP. In 1983, the West Ger- 
man ratio reached 2.4 percent compared 
with a ratio of 1.9 percent for the United 
States. From 1982 to 1983/ there was no 
growth in the nondefense ratios in either 
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country. In West Germany both total and 
nondefense R&D expenditures in- 
creased, but not at a faster rate than the 
economy In the United States, total 
R&D expenditures continued to increase 
foster than the GNF* but defense re- 
search and development claimed an in- 
creased proportion of the total, resulting 
in a slight decrease in the ratio in 1984. In 
1985, the West German ratio was estimat- 
ed to be 23 percent compared with 1.9 
percent for the United States. 



r&d 

expenditures by 
source 

Government funds increased 20 per- 
cent in West Germany and 22 percent in 
the United States in real terms between 
1973 and 1983. reaching a 1975 constant 
dollar investment level of 4.3 billion in 
West Germany and 23.3 billion in the 
United States. The Government share of 
R&D funding has declined in both coun- 
tries* In 1973 at least half of each Nation's 
R&D funds was supplied by the public 
sector By 1583, Government was the 
source of only 41 percent of the West 




German national R&D funding effort 
compared with 47 percent in the United 
States (chart 4). 

Industry has taken an increasingly im- 
portant role as a source of R&D funds in 
both West Germany and the United 
States. In 1973 West German industry 
provided 49 percent of all R&D funds, 
and by 1983, this share had increased to 
58 percent. The U.S. industrial propor- 
tion of national R&D funds also grew, 
from 43 percent in 1973 to 50 percent in 
1983. 



research and 
development by 
character of 
work 

Categorizing R&D expenditures as 
basic or applied research or as develop- 
ment is a difficult and to some extent a 
subjective task, and thus the resulting 
data are not as reliable as national totals. 
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The categories for which data are pre- 
sented here are in accordance with the 
Organisation for Economic Co-operation 
and Development (OECD) definitions, 
but it is recommended that the reader 
give primary consideration to overall 
trends and major changes rather than to 
detailed differences. 

basic research 

A high proportion of West German 
R&D expenditures is devoted to basic 
research. In 1981, basic research expend- 
itures represented 22 percent of all cur- 
rent R&D expenditures in West Ger- 
many. These expenditures had dimin- 
ished substantially after 1973 when the 
basic research share was 30 percent 
(chart 5). During the same period in the 
United States the basic research propor- 
tion remained constant at about 13 per- 
cent. The U.S. basic research share is 
heavily influenced by the substantial 
amount of research and development al- 
located to defense. For instance, the U.S. 
Federal R&D budget authority for de- 
fense activities in 1981 shows that 85 per- 
cent was directed to development com- 
pared with only 3 percent for basic 
research. By contrast, U.S. Federal R&D 
budget authority for nondefense ac- 
tivities was divided more evenly, with 37 
percent devoted to development/ 33 per- 
cent to applied research/ and 29 percent 
to basic research. 5 

Both the Government and industry 
sectors of West Germany have increased 
their responsibilities concerning the per- 
formance of basic research. Some of the 
increase in industrial basic research is 
undoubtedly due to an increase in scope 
of coverage of the industrial sector. Ac- 
cording to expenditure data, 70 percent 
of West German basic research was per- 
formed in the higher education sector in 
1973/ but by 1981 this share was 60 per- 
cent (chart 6). More than one-fifth of 
West German basic research was con- 
ducted in the public sector. 6 Industry 



^National Science Foundation. Fe4r/al R&U Fundtng:Vtt 
W5-$5 Derate (Washington, D.C., March 1984), pp. 18-20- 

^Current R&D expenditures for the Max-Planck In- 
stitutes are aft classified as bask research and are allocated 
to the Government sector, 




spent 18 percent of all basic research 
funds — the same percentage as in the 
United States, 

applied research and 
development 

Applied research expenditures cannot 
be separately identified from develop- 
ment expenditures in West Germany. To* 
gethei; these two categories constituted 
almost four-fifths of R&D expenditures 
in 1981, up from 70 percent in 1973 (chart 
7). In the United States, applk, i research 
and development expenditures con- 
stituted 87 percent of all research and 
development in both years, with de- 
velopment expenditures alone account- 
ing for 64 percent in 1961. 
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scientists and 
engineers 

stock of natural 
scientists and 
engineers 

Scientists and engineers are involved 
in a variety of activities, and their 
number is therefore a good indicator of a 
country's scientific and technological ca- 
pability In 1980, there were 231 thou- 
sand natural scientists and 390 thousand 
engineers in West Germany compared 
with 870 thousand natural scientists and 
1.7 million engineers in the United 
States, Although the United States has a 
mur *\ larger number of scientists and en- 
gineers/ the two countries have a com* 
parable level of scientists and engineers 
in terms of the size of their economies. 
The West German ratio of natural scien- 
tists and engineers per 10,000 labor force 
increased from 0.6 percent in 1970 to 0.9 
percent in 1980/ reaching and surpassing 
slightly the U.S. ratio of 0.8 percent 
(chart 8), This was due largely, however, 
to changes in the general labor force. 
Over the decade the number of natural 
scientists increased over 40 percent in 
both countries: the U.S. labor force ex- 
panded by 27 percent and the West Ger- 
man labor force experienced a slight de- 
crease. The stock of West German 
engineers actually declined 6 percent 
from 1970 to 1980. The concentration of 
engineers in the labor force, however 
remained the same in both countries — 
1.5 percent for West Germany and 1.6 
percent for the United State*. 

r&d scientists and 
engineers 

After 1970/ the number of West Ger- 
man R&D scientists and engnvers in- 
creased 58 percent, reaching an estimat- 
ed 130 thousand in 1984. In the United 
States the number of these researchers 
actually decreased in the early seventies 
before increasing 40 percent to a level of 
about 751 thousand in 1984. The West 
German concentration of R&D scientists 
and engineers in the labor force steadily 



increasedovertheperiod/narrowingthe West German (3,1)/ but by 1984 they 
gap with the U.S. ratio (chart 9). In 1970 were more comparable; there were al- 
the U.S. ratio (6.4) was twice that of the most 5 West German scientists and engi- 
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neers working on research and develop- 
ment per 1/000 persons in the labor force 
compared with isore than 6 in the Unit- 
ed States. 

Fbrt of this trend can be explained by 
the fact that from 1970 to 1980 the 
number of S/E-degree recipients in West 
Germany increased substantially and 
the number of U.S. doctoral degrees 



dropped 30 percent in engineering and 
10 percent in the natural science fields, 7 
It should also be noted that many of the 



Joseph Mrntzes ami William Tash, Comparison cf Scttn- 
tiftcand Technical Ptn#nntt Trends in the Untttd States* France, 
West Germany, and the Untied State* Since 1970 <NSF 84*335) 
(Washington, D,C National Science Foundation. I9S5). 



engineering doctorates granted in the 
United States during this period were to 
non-citizens. By the early 1980 f s, foreign 
stud ents represented about half of all the 
engineering doctoral recipients. 8 



*Natioaal Science Foundation, Sconce a nd Engineering 
Doctorates I960 82 (NSF 83-326M Washington, D C, 1983^ 
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government research and 
development 



Government was the source of 41 per- 
cent of the West German national R&D 
effort in 1983/ compared with 47 percent 
in the United States. In (1975) constant- 
dollar terms/ this represented an invest- 
ment of $4.3 billion for West Germany 
and $23,3 billion for the United States* 
Although West German Government 
funds increased about 20 percent in real 
terms from 1973 to 1983/ the Govern- 
ment share of funding declined in both 
West Germany and the United States. In 
1973, at least half of each Nation s R&D 
funds was supplied by the public sector 
but by 1983 industry was the dominant 
R&D investor in both countries/ supply- 
ing58 percent of total West German R&D 
funds and 50 percent of U.S. funds. 

Examination of 1981-83 changes in 
R&D funding by source shows that West 
German Government R&D support in- 
creased only 2.2 percent in real terms 
compared with a 9.0-percent increase in 
U*S. Government support. The slow* 
down in West German Government 
funding may reflect the Christian Demo- 
cratic administration's effort to improve 
the investment climate by using indirect 
mechanisms more than direct funding of 
industrial research* R&D funding by the 
Federal Government is nevertheless in- 
creasing in both countries. West German 
Federal budget data show a 16-percent 
increase (in current terms) for research 
and development between 1983 and 
1985 compared with 28 percent in the 
United States* It is estimated that both 
Governments provided about the same 
share of national R&D expenditures in 
1985 as in 1983--about 40 percent in 



West Germany and 47 percent in the 
United States.* 

In 1985, the Federal Ministry for Re- 
search and Technology sponsored 55 
permit of all Federal R&D funds. The 
Ministry of Defense increased its role in 
Federal R&D funding from 16 percent in 



^Federal Ministry for Research and Technology— Bun- 
desminblenum fur Forschung und TechnoJogje (BMFI), 
$tati$ti$cht Infotmattonertt December 1965, and un- 
published date (Bonn, West Germany). 



1963 to 19 percent in 1985, (Table B-10 
presents a distribution of the R&D bud- 
get by agency.) 

Analysis of total Government R&D ex- 
penditures by objective shows that West 
German R&D priorities are quite dif- 
ferent from thoseof the United States. In 
1984, the West German Government ex- 
pended 1? percent of its R&D funds on 
industrial development whereas the 
United States expended only 0.2 percent 
on that objective (chart 10). West Ger- 
many also expended considerably more 




of its funds on energy research and de- 
velopment (15 percent) than did lhe 
U nited States (6 percent). The two coun- 
tries invested about the same proportion 
in space research and development, but 
there was a major difference in their 
R&Dexpendituresfordefense purposes: 
the U.S. Government expended about 
two-thirds of its funds for research and 
development on defense projects, 
whereas West Germany's investment for 
that objective was only about 10 percent 
in 1984. 

Estimates for 1985 indicate that West 
German defense research and develop- 
ment has increased to 12 percent of total 
Government R&D funding compared 
with 68 percent for the United States. 
The proportion of Government R&D 
funds devoted to energy has decreased 
in both countries; in 1985 it was estimat- 
ed to be 13 percent in West Germany and 
5 percent in the United States, 10 

West German Government R&D ex- 
penditures consist of both Federal and 
State fund s. In 1983, the Federal Govern- 
ment was responsible for 60 percent of 
total Government R&D funds. By law, 
the States fund almost all of lhe current 
and half of the Capital expenditures for 
universities* The foregoing discussion of 
Government R&D objectives is thus in- 
fluenced by the large proportion of West 
German Government funds allocated to 
general .niversity research which is 
largely nonoriented. 

If one looks solely at Federal R&D 
funding in West Germany, tfie priority 
areas shift somewhat. More than one- 
fifth of all Feueral R&D funds were in- 
vested in energy areas in 1983 and about 
15 percent for defense. Rinding for the 
Max-Planck Society for the Advance- 
ment of Science/ the German Research 
Society, and the Fraunhofer Society fo r 
the Advancement of Research, as well as 
funding for basic research in the natural 
sciences constituted more than 14 per- 
cent of the Federal R&D budget in 1963 
(table B-13), 



For the first time, the Federal Ministry 
for Research and Technology published 
the long-term financial plan accepted by 
the Federal Government in June 1983 
which details Federal R&D spending 
plans through 1987. This plan shows that 
the West German Government is con- 
tinuing to promote research and de- 
velopment but at a reduced pace. The 
average annual growth rate \n Federal 
R&D expenditures was 7,4 percent from 
1975 to 1979. It slowed to 4.7 percent 
from 1979 to 1983 and is expected to de- 



crease to only 2.4 percent during the 
period 1983-87, 11 

Chart 11 shows the average annual 
percent changes in selected priority 
areas planned by the West German 
federal Government for the period 
1983-87* Promotion of innovation and 
basic research in selected areas of natural 



"Federal Ministry for Research and Technology— Bun- 
de&ministetium fur Forschung und Technologie (BMFT), 
Bxndtsbcncht Fbrsdtung 1984- {Bonn, West Germany, 1984). 



»fbtf. and National Science Foundation. Federal R&D 
Funding by Budget Fumtton, Fiscal Yeats 1984-86 (N$r 
85-3l9HWa£hington, D-C, 1985). 
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sciences are among the priorities that al- 
ready receive a substantial portion of the 
Federal R&D budget. They are sched- 
uled to increase an additional 10 percent 
per year through 1987, Federal hinding 
for manufacturing production tech- 
nology will experience the largest 
growth^an average of 36,8 percent per 
year. It is a small program (about 14 mil- 
lion current dollars in 1983), however, 
and will represent only 1 percent of the 
total Federal R&D budget in 1987, 
Federal funds for biotechnology re- 
search and development are scheduled 
for a 5.6 percent average annual growth. 
In 1983, the West German Federal Gov- 
ernment designated $36.4 million for re- 
search and development in bio- 
technology, (For comparative purposes, 
one estimate of LLS, Government ex- 
penditures in biotechnology in fiscal 
years 1982 and 1983 is over $522 mil- 
lion.) 12 Defense research and develop- 
ment will grow faster than the total bud- 
get and will therefore increase its per- 



i7 CommsTcial Burttchnofogy: An International Assessment 
(Washington, D C Office of Technology Assessment, 
OTA-BA-ne, 1984) 



centage of the Federal R&D budget from 
15 percent in 1963 to 17 percent in 1987, 
Energy research and development re- 
ceived the largest amount of Federal 
funds ($895 million) in 1983, but this is 
one area for which the Federal Govern- 
ment plans to reduce funding in the 
coming years. 

Information technologies are sched- 
uled for average annual cuts in Federal 
R&D expenditures of 6.8 percent, but 
most of the cuts are a result of the phas- 
ing out of the special program for micro- 
electronics and optical communications 
technologies. The special program of the 
Federal Ministry for Research and Tech- 
nology to promote product development 
in the manufacturing industry, as well as 
to procure research computers, ended in 
fiscal year 1981, Excluding this special 
program, research and development in 
other information technologies are 
scheduled for an average annual in- 
crease of 3,6 percent The West German 
Government is still concerned about the 
international competitiveness of its in- 
dustry, particularly in the area of inte- 
grated circuits / but has moved away from 
the approach of concentrated direct 
funding of product development. A 
more comprehensive plan for promoting 



the develop mentof microelectronics and 
information and communications tech- 
nologies, which calls for overlapping 
ministerial responsibilities in a variety of 
areas, was announced by the Federal 
Government in May 1983, n 

In 1985, Federal funding for research 
and development in information tech- 
nology was held constant. This area nev- 
ertheless received a greater share of 
funds than some other key technology 
areas such as biotechnology and mate- 
rials research, as is evident in table 1. 
The funding for production technology 
increased substantially, and when this 
category is considered together with in- 
formation technology, the combined 
funds represented 5 percent of the 
Federal R&D budget and constituted a 
12-percent increase in 1985, Aviation re- 
search and development received a 
much greater increase in funding than 
previously planned. These key tech- 
nologies represented 16 percent of the 
West German Federal budget for re- 
search and development in 1985* 



li Federal Ministry for Research and Technology— Bun - 
dssminislsruim fur Forschung und Technology (EJMFI), 
Buttd€$KTtfh% f op at. 



Table 1. West German Federal R&D budget for 1985, for key 
technology areas 





Millions of 


percent 


Percent 




deutsche 


change 


of 


Key technology area 


marks 


1984 85 


budget 


Information production 


658,1 


12,1 


5,0 


Information technology 


512,9 


,2 


3.9 


Production technology 


145,2 


93.1 


1.1 


Biotechnology 


149,5 


14.3 


1.1 


Materials group 


335,5 


4,4 


2.£ 




195,5 


17.9 


1.5 




122,3 


-10.8 


.9 


Chemical processes 


14.7 




.1 


Aviation research and technology 


734.5 


71.3 


5.6 




236.2 


5.4 


1.8 




83.9 


13 4 


,6 


Marine technology 


87,9 


9,6 


,7 




54,4 


-7.7 


,5 



NOTE: In 1385. i dollar ts estimated to beeguwaient to abort 2 West Gtrmtf dwische mwfcs i»ng OECO Purchasing 
power parity exchange rites. 

SOURCE- Federal Itawicy for Research and ftcfmo !o 0V — B^fwtesma^emjmtw Fof5t*iunS und fechnototye (BMFTfc 
SUtiSttscht fotormtbotm, tetert 133. Decanter J 985 
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Special organizations are important in 
the performance of research and de- 
velopment, the financing or distribution 
of R&D funds, and in the coordination 
and evaluation of R&D activities in West 
Germany, Although many of these or- 
ganizations are considered legally to be 
independent nonprofit institutions, this 
report follows the OECD guidelines in 
categorizing these institutions' R&D ex- 
penditures by sector of performance and 
source ot funds. In general che sector 
that largely controls a nonprofit organi- 
zation, or that is served by a nonprofit 
organization, is the one to which the or- 
ganization is assigned. Therefore, if a 
nonprofit organization's aim is mainly to 
serve Government, or if it is financed or 
controlled mainly l>y Government, it is 
considered as having performed re- 
search in the public sector. The Max- 
Planck Institutes and the large national 
laboratories are examples of this catego- 
ry. If the nonprofit organization renders 
services mainly to enterprises, such as in 
the case of the Confederation of Indus- 
trial Research Associations, the research 
and development performed is consid- 
ered to be in the industrial sector and the 
funds received by the organization from 
the Government are credited to the Gov- 
ernment when discusssing R&D ex- 
penditures by source of funds. 

The following chapter describes some 
of the most important independent or- 



ganisations in the West German S/T sys- 
tem and discusses their objectives, re- 
search programs, and resources. It is not 
intended to be a comprehensive com- 
pendium of all of the organizations that 
have important roles in West German S/T 
activities. It will, however, provide a bet- 
ter understanding of the special features 
of the West German S/T system, as well 
as an idea of the variety of organizations, 
programs, anc activities that are in- 
volved in the conduct of research and 
development. 

the max-planck 
society 

The Max-Planck Society — Max-Planck 
Gesellschaft (MPG) is one of the most 
famous and important performers of 
basic research in West Germany. It is fi- 
nanced largely (94 percent) by public 
funds from both the Federal and State 
Governments. Although this Society has 
considerable influence on the national 
R&D effort, its budget represents only 
about 2 percent of the national R&D ex- 
penditures in West Germany. 

The Max-Planck Institutes are not ex- 
pected to perform basic research in all 
fields. The Society supplements re- 
search in universities and is charged by 
the Science Council to carry out research 



that requires large or specialized facili- 
ties; to supply adequate human and fi- 
nancial resources to areas of particular 
scientific importance and promise; anc? 
to conduct research in emerging and in- 
terdisciplinary fields. 14 

Tkble 2 presents the Max-Planck So- 
ciety's research fundingin 1983by.field. 
Over 60 percent of the research funds are 
in natural sciences and most of the rest 
are invested in biomedical fields. The 
personnel are similarly concentrated. Of 
the more than 7,600 persons employed 
in Max-Planck Institutes in 1963, 67 per- 
cent were in natural sciences; 10 percent 
in medical fields, 8 percent in social sci- 
ences and humanities, 3 percent in engi- 
neering, and 2 percent in agriculture. 15 

The Max-Planck Society now consists 
of 52 institutes (table B-14), 3 clerical 
units, and 2 independert research 
groups. Independent research groups 
are a means through which new research 
efforts are promoted for a limited time — 
normally five years — and working rela- 
tions between MPG and universities are 
increased. 



"Robert Gerwin and Barbara Holtz, The Max-Pbrtck- 
Gevftschafi and frs Institute (Munich. Weet Germany. Max- 
Planck Institute, 19&) 

^Federal Ministry for Research and Technology-— Buji - 
desmmistenum fur Forschung un d Technology (BMFT), 
Bundesbcncht, ojk at. 
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TiWe 2. HarPlanck Society R&D funding 
by flnld: 1983 



[Dolars in millions] 





Amount 


Percent 


Tirtal 


$365.1 


100 


flSnwDiny ino dsuopnysics + + 












rnySIGS 1 {DaSIC nSSGafCnj , * * * 


35.6 


*A A 

10.0 




o*) *> 




Mathematics and computer 












Meteorology and aerospace 






ran n arnh 


23.0 


e a 

6.9 


Biomedical research in humans 






and primates 


50.2 


13,7 


Biomedical research in model 








38,7 


10.6 


Psychology and biological 






aspects of behavioral 








12.1 


3.3 


Plant breeding and ecology . . . 


8.4 


2,3 




9.6 


2,6 


History 


51 


1,4 


Social sciences 


87 


2.4 



BOTE fiffura 4fB for curra* expen*ti*es «nd irichrie hirxftng An 
addtonil S3 a rm&on is ettmaled lor antral t*p«ndrturc$ + mating an 
Ottnl Mai of 1374.9 rrtfion, 

SOURCES^ Federal Mlnistnr for Research irttf Technology— Bun- 
dKOMttetenum lut F g end Ttatowtoge (BMFT) and Max PUodt 
Socw4M^PlanclE^rt^4$chaft (WPG) 



The importance of increased coopera- 
tion between the Institutes and univer- 
sities is being emphasized. Nearly all di- 
rectors of the Institutes and many other 
senior scientists are teaching *t univer- 
sides, The Institutes also offer research 
facilities to students working on their di- 
plomas or doctorates. Of the approx- 
imatey 2,700 such young scientists and 
visiting scientists in 1981, 850 were 
working on their doctoral degrees. Re- 
cently the number of research projects 
conducted jointly by the Institutes ai*d 
universities has increased. Competition 
between the two sectors remains, 
however; and many scientists feel that 
the research environment is better at the 
Institutes than at universities, 16 

fraunhofer 
society 

The Fraunhofer Society — Fraunhofer 
Gesellschaft (FhG) is to applied research 



1 'Robert GerwUi and Barbara /ofoz, vp> at, 



what the Max-Pianck Society is to basic 
research. It is a nonprofit society that 
sponsors and performs applied research 
and development i,i three sectors of ac- 
tivity: Contract research, defense re- 
search, and services. The Society's main 
clients are industry and Federal and 
State Governments, In 1985, the 
Fraunhofer Society had a budget of 
DM400 million and a staff of around 
3,700, 17 Over half of the personnel are in 
natural sciences and one-third in engi- 
neering. In terms of expenditures, 
however; about half are spent on engi- 
neering and more than 40 percent on 
natural science fields, 1 * 

This Society performs a mix of its own 
research projects as well as contract re- 
search. Twenty-two institutes are en- 
gaged in contract or project research 
with industry and government. Six in- 
stitutes are devoted to defense research 
and are supported by the Ministry of 
Defense, The Society also provides tech- 
nical information, technical evaluations; 
economic studies; and assistance in ob- 
taining, maintaining, and exploiting pat- 
ents. There are four institutes responsi- 
ble for such services. The institutes 
conduct applied research and develop- 
ment in the following areas: 19 

Microelectronics and sensor tech- 
nology 

Information technology and produc- 
tion automation 

Material and building component be- 
havior 

Production technologies 

Process engineering 

Energy and construction technology 

Environmental research 
Technical economic studies and tech- 
nical information 

The Federal and State Governments 
provide subsidies through the 
Fraunhofer Society to assist small- and 
medium-sized enterprises (under 
DM500 sales) for R&D projects leading 
to new or substantially improved prod- 



fraunhofer Society— Fraunhofer*Cesellsthaft (I^C), 
Contract Research for Industry (Munich, West Germany 
1985). 

^Federal Ministry for Research and Technology— Burt - 
Jesmimstenum fur Forschung und Technologic (BMFT), 
Bundtsivrtcht, op. at<* pp 395 and 374 

l *Fraunhofcr Society— Fraunhofer lesellschaft (FhG), 
Qfk ctt< 



ucts or processes and for technical assis- 
tance. The subsidies can amount to 40-60 
percent of the R&D project's cost, de- 
pending on the technical and economic 
risk of the project, 20 

The Society's institutes have excellent 
links with industry. In addition to the 
contract work and technical assistance 
they provide to small- and medium- 
sized firms, many of the heads of the 
institutes are also on the boards of direc- 
tors or are directors of research and de- 
velopment of some of the larger firms. 
They also have close links with univer- 
sities. The institutes are usually located 
near research universities and mure than 
half of the heads of institutes are also 
university professors, 21 

In 1973 a new model of financing re- 
search and development was introduced 
that is intended to stimulate contract re- 
search and further the Fraunhofer So- 
ciety's role as an important catalyst in the 
transfer of technology from research lab- 
oratories to industry. Under this model, 
the Federal and State authorities grant 
the Society a certain amount of basic fi- 
nance for a ~:oject, but the actual pay- 
ment depends on the amount of money 
earned by the Society from contract 
research, 22 

More than half of the Society's budget 
was provided by the Federal and State 
Governments in the form of institutional 
funding in 1983 and about 40 percent 
came from contract re search, 23 The im- 
portance of contract work is scheduled to 
increase until 1988 and in 1985 it is esti- 
mated that 60 percent of the Society's 
funds came from contract work, 21 

The Society is involved in performing 
research for the Ministry for Research 
and Technology in areas such as micro- 
electronics, automation, and production 
technology (CAD/CAM and industrial 
robots); materials development (heavy 



"Interview with the International Office, Fraunhofer 
Society, Munich, West Germany, October 1985 

"Valen* /on Massow, Organisation and Promotion of 
Scitnce m tut Fedrrul Republic of Germany (Bonn, West Ger< 
many: Inter Nation*, 19&3), p, 38 

"Federal Ministry for Research and Technology— Bun ■ 
desrtunistenum fur Forschung und Technologic (BMFT), 
Bwtdesbcncht, op. at , p< 63 

^Fraunhofer Society— Fraunhofer-Cesellschaft (FhC), 
op at. and annual reports. 
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duty ceramics, etc); and biotechnology 
and gene technology, 15 

The State governments are also in- 
creasing their funding of Fraunhofer In- 
stitutes, In fact there is competition be- 
tween the German States in the found* 
ing of new Fraunhofer Sxiety research 
facilities. The States in the northern part 
of West Germany are attempting to in- 
crease the incentives for high technology 
companies to settle there and the south- 
ern German States want to ensure their 
present competitive status by expanding 
their capabilities, 2 * 

large-scale 

national 

laboratories 

In addition to the Max-Planck and the 
Fraunhofer-Gesellsthaft Institutes, Jtere 
are 13 national laboiatories or big science 
establishments (grossforschung- 
se;nrichtungen). These laboratories re- 
ceive funding from both the Federal and 
State Governments, but are supported 
primarily by the Ministry for Research 
and Technology, They were established 
to supplement the efforts of the univer- 
sities in conducting research requiring 
Ia-ge-scale instrumentation and large 
capital investments. The first centers 
were begun 25 years ago and were in the 
field of nuclear research. Other fields 
now include space research, mathe- 
matics and data processing, bio- 
technology, cancer research, environ- 
mental protection, rmrim., and polar 
research, 27 Table 3 lists.the national labo- 
ratories and their budgets in 1983, 

For many of these laboratories the re- 
search emphasis is obvious from their 
names. Nonetheless it may help to 
provide further information for some of 
them, especially in the area of nuclear 
research. The emphasis of the laboratory 
in Karlsruhe is on research using fast 



^Fraunhofer Sodety^Fraunhofer Gesellshaft (FhG), 
Annual Report 1985 (Munich, West Germany, 1934), 

^Catherine R Afcles* cf, Dcrformtr Qr$QnuaUon$ and 
Support Straltgtts for fundamental Rtseatdt' United States, 
France, Ytest Germany, United Kingdom, japan, and the Soviet 
Uwon (Arlington, Va.: SRI International, 1985). 



Table 3* Total budget of West-German 
large-scale national laboratories: 1963 



[Dollars In millions! 



Laboratories 


Total 






Alfred Weflner Institute for Polar 




Research, Bremertaven (AWI) 


19 9 


German Electi oivSyncfi rotron, Hamburg 




(DESV) 


73,5 


German Aerospace Research and Testing 




Institute. Porz (OFJLR) 


178,2 


German Cancer Research Center 




Hekietberg (DKFZ) 


4c,3 


Society lor Btotechnotogical Research, 




Stoeckhetm (Braun$chweig)(G6F) .... 


17,6 


Research Center Geesttacht, Ltd.* 




GeesthachMespertiude (GKSS) 


44,6 


Society for Mathematics and Data 




Processing, Ltd.. St. Augustin (GMO) 


32,6 


Society for Radiation and Environmental 




Research, Ltd., Munich (GSF) 


67,8 


Society lor Heavy Ion Research. Ltd., 




Darmstadt (GSI) 


36,9 


Hahn Meitner Institute for Nuclear 




Research, Ltd.* Berlin (HMI) 


47,5 


Max<PJancfe Institute for Plasma Phy&:cs. 




Ltd.. Munich-Garching (IPP) 


60,0 


Nuclear Research Plant Juelicti, Ltd.. 




Juelich (KTA) 


204,5 


Nuclear Research Center Karlsruhe. Ltd., 




Karlsruhe (K1K) 


235,1 



SOURCE; Fftferal **nW *W Rwoardi and TWmo*JQy^ Boa 
deaministenum lur Fots jng oncf Tec!..'Ologie. (BMF1). 



breeder reactors, and that of the labora- 
tory in jaelich is on high-temperature 
reactors and fusion resea/ch. The 
Geesthacht laboratory also deals with 
nuclear research, but in the area of ma- 
rine reactors. As an example of how the; 
laboratories' research agendas are diver- 
sified and how the functional a:ea can 
change, the Geesthacht laboratory also 
has done research in the area of desalina- 
tion and sea-water chemistry, as well as 
in ocean environmental research and re- 
actor safety, 28 

Fven though these laboratories were 
established by Federal and State Govern- 
ments and are financed almost com- 
pletely by public funds, they are legally 
considered independent, c-ch institu- 
tion has a supervisory board that estab- 
lishes research priorities. The 13 labora- 
tories are linked together under an 



^Hildegard and Remhold Geimct vp> til and Valentin 
von Massow op. at. 



Association of National Research Cen- 
ters which coordinates their activities 
and represents their interests with the 
Federal Government, 29 But because the 
Ministry for Research and Technology 
provides almost all (90 percent) of the 
financial support for these centers, it un- 
derstandably has a voice in the research 
priorities as well. The national laborato- 
ries conduct research in the various areas 
promoted by the Ministry for Research 
and Technology, The Ministry is consid- 
ering reducing its investment in nuclear 
energy, and it remains to be seen how 
this will affect the research and opera- 
tions of the national laboratories in the 
fuoire. The research activities of some 
laboratories will likely be diversified into 
other priority areas, 30 

federal and 
state research 
establishments 

In addition to the researchlaboratoiles 
mentioned previously, the Federal Gov- 
ernment maintains about 40 research es- 
tablishments (Bundesforschungsanstal- 
ten), most of which perform mission- 
related research for their respective min- 
istries. The various States also ov:n and 
support about 50 of their own research 
labor atorr s (Lsenderforschung- 
sanstalten) which generally conduct ap- 
plied research and development impor- 
tant to their particular region and econo- 
my, 31 In addition, there are 48 research 
institutions that are about equally 
funded by the Federal and State Govern- 
ments and which are normally referred 
to 4S the "Blauen Liste" (Blue-List) in- 
stitutes. They perform research that is 
usually more basic in nature than that of 
the aforementioned Federal and State re- 
search enterprises. A general require- 
ment of these institutions is that they 



^Interview with Federal Ministry (or Research and 
Technology— Ban desministeri urn fur Fdtschung Tech- 
nology iBMFT) officials, Bonn, West Germany- October 
1985 

^'Hildegard and Rem hold Geimer, op ciL 
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conduct research of a multiregional or 
national importance. In 1984 their total 
budget was over $270 million and they 
employed 5,150 persons. 32 

german 

research 

society 

The German Research Society— Deut ■ 
sche Forschungsgemeinschaft (DFG), is 
an autonomous organization somewhat 
similar to the National Science Founda- 
tion, in that it finances research and de- 
velopment on a proposal review basis, 
relying on expert peer review. In addi- 
tion to funding research proposals, the 
German Research Society is responsible 
for supporting the training of young sci- 
entists, fostering cooperation between 
researchers — including international co- 
operation, and providing advice on sci- 
entific matters to policymakers. 33 The So- 
ciety does not have research institutes of 
its own and is not a research performer; 
rather it distributes R&D funds, mainly 
to the higher-education sector. 

The Society receives most of its fund- 
ing from Government sources. In 1984, 
£8 percent of its budget of approximately 
$440 million came from the Rederal Gov- 
ernment and 41 percent from the State 
governments. Table 4 presents a break- 
down of its budget ly major field. 34 
About a third of the Society funds were 
allocated to life sciences — an area for 
which funding appears to be increasing. 

The largest proportion (45 percent in 
1984) of the Society budget is allocated co 
the support of its normal or core pro- 
gram in which individual researchers in- 
itiate their own proposals and select 
their own topics. The Society also 
spends about 13 percent of its funds on 
proposals under a priority program 
(Schwerpunktverfahren Programme). 



v&tmd-Laemierntomfxussion fur BUdungsplanung tind 
Fotschungsfafdenjag, Einrkhtungca &r Bkutn LisU: Re- 
chtsgrundlagcn umf A\U%mtine infomaiUmcn (Bonn, West 
Germany, 1984). 
tfHildegard anJ Reinhold Celmet *F ol 
"German Research Soctety_Detitsche Fwschtingsge- 
meiitfchaft (DFG), Wi$ktitsbmdtt (Bonn, West Germany. 



Table 4. German Research Society budget 
by field: 19S4 

[Dollars in millions) 



Reld 


Amount 


Percent 


Ibtal 


$440 


100.0 


Physical sciences and 






mathematics 


111 


25.1 


Engineering 


100 


22.0 


Lite sciences 


142 


32.2 


Environmental research 


21 


4.9 


Social sciences and humanities 


67 


15.1 



wore* farce of rounftng. components (nay w *dd to todte 
SOURCE. German Research Society — Oeu&f* RKSChunfsgemetftsctaft 
(CRft Bftytottfemftf. ISM 



For a limited fan*/ the priority program 
supports research in those fields deter- 
mined by the Senate of the Society to be 
priority areas, and for which it seeks to 
improve West German capabilities in 
order to match international standards, 

A special collaborative program (Son- 
de rforschungsbereic he) that not ony fos- 
ters cooperation, but also promotes in- 
terdisciplinary research, was established 
in 1968 at the recommendation cf the 
Science Council. Under this program, 
the Society provides long-term, but not 
permanent, funding; it allocated about 
30 percent of its budget to this program 
in 1984. An institution or university, 
rather than a group of individuals, de- 
velops a proposal in which it must prove 
that the institution is committed to long- 
term support of the research. Such a pro- 
posal must be examined and agreed to 
by peer review. Unlike the other pro- 
grams, this one is financed primarily (75 
percent) by the Federal Government. 

A university must identify an area in 
which it excels and has achieved emi- 
nence, and the university or State Gov- 
ernment must commit itself to continue 
funding the area after the Society sup- 
port ends. One could consider these 
sites at which special collaborative pro- 
grams are developed to be centers of ex- 
cellence in a particular field, although 
they may not be theonly centers of excel- 
lence in that field. One of the first special 
collaborative programs was so successful 
that it has now become a Max-Planck 
Institute for Mathematics. Table 6-15 lists 
the special collaborative programs that 
were supported by the Society in 1985 
and their location. These programs have 
wide leverage in their abilities to invite 



international scientists and engineers to 
work with them and in some cases can 
even pay their expenses. In fact, one of 
the criteria by which a program is evalu- 
ated every three years is its international 
standing, which is calculated in part on 
the identities oi the scientists, engineers, 
and publishers who have agreed to asso- 
ciate themselves with the program. 
These fields may be some of the best for 
potential scientific cooperation or collab- 
oration between West Germany and the 
United States. 3 * 

The Society is also responsible for ad- 
minstering special fellowship programs, 
e.g., the Heisenberg Program for the As- 
sistance of Highly-Qualified Young Sci- 
entists. This program was established in 
1977 an ' is equallv funded by the 
Federal and State Governments. In 1984 
it was allocated between 1 percent and 2 
percent of the Society's budget, or about 
$6 million. 36 The program was estab- 
lished to enable young scientists whose 
positions were insecure to remain ac- 
tively involved in research activities, 
fhis is especially important given the 
tight job situation in academia. The aver- 
age period of support is !or two years but 
can be renewed up to five years. The 
Society is in the process of creating a new 
postdoctoral research program, an d is 
considering launching a new award pro- 
gram which would provide 10 to 25 of 
the top research scientists to do what- 
ever research they deem important, 
without requiring specific proposals. 17 

confederation 
of industrial 
research 
associations 

The Confederation of Industrial Re- 
search Associations — Arbeitsge- 
meinschaft Ir !ustrieller For- 
schungsvereinigungen (A1F) is an autorr 



^fbwf and interview with Ccrmart Research Soady of- 
ficials, September 1985. 

^German Research Society— Deutsche ftttschtings^e- 
meinschaft (DFG), op at 

^German Research Sooeiy^w Deutsche Forschungsge- 
meinschaft (DFG) interview. o}> at. 
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omous organization that finances and 
coordinates cooperative industrial re- 
search — generally applied research and 
development. This organization is par- 
ticularly important to the traditional in- 
dustrial firms of small and medium size 
that And it difficult to support research 
and development on their own. It was 
founded in 1954 and is now an umbrella 
organization encompassing 92 member 
associations, many of which have their 
own research institutes; the Conferation 
has 63 of its own. Industry supports 
most of its activities, but funds are also 
received from the Federal Government, 
particularly from the Ministry for Re- 
search and Technology— Bun- 
desministerium fur Forschung und 
Technologie (BMFT) and the Ministry of 
Economics (BMWft.** 

If there is a problem, common or ge- 
netic to the member associations, a re- 
search proposal can be made to the Con- 
federation which relies on a group %jf 120 
experts, who represent various fields, lo 
evaluate the proposals received. About 
half of these experts are from industry, 
and half are from universities and re- 
search institutes. Reviewers must deter- 
mine if the proposed project is tech- 
nically sound and of scientific interest, 
whether the project is of economic inter- 
est to small- and medium-sized firms, 
and whether sufficient resources are de- 
voted to the projects. If the project ap- 
plication is approved, it will be sup- 
ported with funds from the Ministry of 
Economics on the condition that the in- 
dustrial associations can show that they 
are expending R&D funds of their own 
on cooperative research and 
development* 

The AIF is also responsible for admin- 
istering the Federal Governments R&D 
labor support project for small- and 
medium-sized firms which began in 
1978. The exact terms have changed 
slightly over the years, but essentially 
they permit the Ministry of Economics to 
subsidize 40 percent of the labor costs for 
scientists, engineers, and technicians 



^Information in this action was obtained in an inter- 
view with AIF officials in Cologne, West Germany/ Sep- 
tember 1985. and from the Confederation of Industrial 
Research Association*— Arbeit sgemeinschaf l Jndus- 
trieller tarachvngsvereinjgungen (AtF), Hart&udi, 19$4 
(Cologne, West Germany, 1984). 



engaged in research and development 
for those firms with annual sales of 
DM50 million and not more than 500 
employees. It will also pay 55 percent of 
the laborcosts for new R&D personnel if 
the firm can show f hat it has increased its 
R&D efforts. In 1985 the program was 
expanded to include payment for 45 per- 
cent of labor costs associated with new 
R&D personnel in those firms with an- 
nual sales of DM200 million and 1,000 
employees. The Arms must submit de- 
tailed applications to AIF to receive such 
support. This program was on hole for 
most of 1985 while the European ixo- 
nomic Community (EEC) decided if it is 
allowable under their regulations and 
guidelines for fair competition. In Au- 
gust 1985 the EEC determined that the 
plan was allowable and it is now sched- 
uled to continue until 1989. 

The Confederation also administers 
the Ministry for Research and Tech- 
nology's program that encourages small- 
and medium-sized Arms to contract for 
R&D projects. The program subsidizes 
the costs of an R&D project contracted 
out with external research bodies (in- 
cluding universities, research organiza- 
tions, and even foreign institutes). The 
Federal Ministry for Research and Tech- 
nology subsidizes up to 40 percent of the 
costs of extramural R&D projects for 
those Arms that have u p to DM50 million 
in annual sales and up to 30 percent of 
the costs for those Arms that have annual 
sales of up to DM500 million. 

the science 
council 

The main coordinating body in West 
German) between the Federal Govern- 
ment, State Governments, and the scien- 
tific community is the Science Council— 
Geschaftsstelle des VWssenschaftsrates 
(WR). It was founded in 1957 by an ad- 
ministrative agreement between the 
Federal and State Governments. It 
provides advice and recommendations 
on science policy matters, especially 
those concerning the higher education 
sector, ft does not have executive 
powers, but its recommendations carry a 
great deal of weight and are generally 
accepted because they constitute the 



concensus of the Council whose mem* 
bers represent a variety of sectors and 
disciplines. An example of one of its rec- 
ommendations was the establishment of 
the special collaborative programs (son- 
derforschungsbereiche) that are now 
sponsored by the German Research 
Society. 

it is not a funding or granting organi- 
zation. Nonetheless, it is mandated to 
review annually the planned expendi- 
tures of the Federal and State Govern- 
ments for higher education, including 
university proposals for new laborato- 
ries/ scientific equipment/ etc. The 
Council is thereby able to reduce du- 
plication of effort in terms of major sden* 
tific equipment and facilities and can ex- 
pedite the establishment of centers of 
excellence.** 

The Council is currently working on 
an extensive review of the health of West 
German universities. It is concerned 
about a number of problems including 
the age structure of university faculty. 
Most of the university positions are cur- 
rently filled by tenured professors who 
were hired during the expansion period 
of the 196C S and 1970^. Since most of 
these professors will not be eligible to 
retire for 20 years, there is little room for 
bright young investigators to enter aca- 
demia. Moreover, many of the faculty 
positions needed to be filled rapidly dur- 
ing the earlier expansion, and some of 
the current faculty may be less qualified 
than the young investigators. 

In order to create new positions, uni- 
versities must justify them by introduc- 
ing new specialties. This has led to an- 
other problem that concerns the Science 
Council: the overloading of the univer- 
sity curricula. The academic require- 
ments in individual disciplines have be- 
come so cumbersome that it is virtually 
impossible for students tocomplete their 



*The material for l his sectH>n was obtained from inter- 
views with staff members of (he Science Council — 
Geschaftsstelle des WissenschafUrale* (WR), Cologne, 
West Germany. September 1985. 
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studies in four years. The Science Coun- 
cil is considering restructuring the high- 
er educational training systei t to short- 
en the length of the first degree pro- 
grams and to strengthen graduate edu- 
cation, including that of the role of 



research and development. 

These are just some of the science pol- 
icy problems that the Science Council is 
addressing* Other issues with which 
they are concerned include the impor- 
tance of outside funding for universities 



and research institutions, mobility for 
researchers, increased competition be- 
tween German States for R&D facilities, 
employment problems/ and evaluation 
of the quality of education and research 
and development. 
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industrial research and 
development 



overall 

industrial r&d 
trends 

With its increased awareness of the im- 
portance of science and technology to 
international industrial competi- 
tiveness/ West Germany is investing 
greater amounts of resources in indus- 
trial research and development About 
70 percent of all West German R&D ex- 
penditures was invested in the industrial 
sector in 1983, up from 64 percent in 
1970, In the United States over 70 per- 
cent of the Nation's research and de- 
velopment also is performed in industry. 

In 1983, West Germany invested 
DM30 billion in industrial research and 
development or 7.3 billion in constant 
dollars (chart 12). During the period 
1970-79, industrialR&Dexpenditures in- 
creased more rapidly in real terms in 
West Germany (64 percent) than in the 
United States (ISpercent). Since 1979 the 
growth in West German industrial re- 
search and development has slowed 
(chart 12). Industrial research and de- 
velopment rose 25 percent in real terms 
in the United States between 1979 and 
1983 compared with only 10 percent in 



West Germany, 

Examination of industrial R&D ex- 
penditures as a percent of the gross na- 
tional product (chart 13) shows that al- 
though West German industrial R&D 
growth slowed, it increased at a much 
faster pace than "the economy from the 
midseventies to 1982. Data for 1983 indi- 



cate a leveling in the trend over the last 
five years, but it is still too early to tell if 
this is a temporary pause or a significant 
trend change. In 1983, the West German 
industrial R&D/GNP *atio remained at 
1.8 percent. U.S. industrial R&D/GNP 
ratios have continued to grow since 1978, 
climbing to 1.9 percent in 1983. 




28 



23 



The 1983 leveling of West German in- 
dustrial R&D expenditure coincides with 
the decision of the West German Gov- 
ernment to decrease direct funding of 
industrial research and development in 
favor of indirect mechanisms to improve 
the climate for industrial spending. The 
reorientation of West German research 
and technology policy that took place in 
1983 called for increased reliance on pri- 
vate initiative and entrepreneurial re- 
sponsibility and restraint by the Govern- 
ment with regard to support of research 
and development in industry — par- 
ticularly in advanced development proj- 
ects. Public funds are to be used pri- 
marily in these areas where the Govern- 
ment has its own particular respon- 
sibilities or where overriding social or 
macroeconomic concerns warrant gov- 
ernmental support of research and de- 
velopment. 40 This is not unlike the thrust 
of current U.S. S/T policy. 



^Federal Ministry for Research and Technology—Bun- 
desntfristeiium fur Forschung und Technologic {BMFT}, 
ButtdcsbrkhL op ctL t p. 13. 



industrial r&d 
concentration 
by industry 

The concentration pattern of industrial 
research and development in West Gen 
nany is quite different from that of the 
United States. In 1981, R&D expendi- 
tures were twice as concentrated in the 
chemical and allied products industries 
in West Germany as they were in the 
United States (chart 14). U.S. industrial 
R&D expenditures were more highly 
concentrated in the aerospace industry 
(23.1 percent)/ which was the leading 
U,S. industry in terms of total R&D in- 
vestment in 1981. In West Germany/ the 
leading industry was electrical equip- 
ment. Although its concentration has de- 
creased slightly since 1971/ about one- 
fourth of all West German industrial re- 
search and development was still inves- 
ted in this industrial group in 1981. The 



proportion of West German industrial 
R&D expenditures in machinery in- 
creased over the decade from 10*2 per- 
cent in 1971 to 14.1 percent in 1981- Re 
search and development in computers 
are included in this group (according to 
the International Standard Industrial 
Classification) and most likely represent 
an important part of this growth, but the 
exact contribution is not known because 
data on research and development for 
computers is not separately identified. 

The leading West German industry in 
terms of company R&D expenditures is 
chemicals and allied products, which ex- 
pended more than one-fou rth of all com- 
pany R&D funds in 1981. The electrical 
equipment industry also expended 25 
percent of all company R&D funds in 
West Germany, compared with only 18 
percent in the United States (chart 15). 
When Government funds are excluded, 
the U.S. concentration in aerospace re- 
search and development is diminished 
to only 10 percent, but is still substan- 
tially more than the West German 
proportion. 
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r&d-to-sales 



The perceived importance of investing 
in research and development varies by 
country and industry- One way to deter- 
mine the relative importance accorded 
research and development by a given 
country or industry is to measure the 
proportion of available income being in- 
vested therein. The ratio of industrial 
R&D expenditures to net sales provides 
a measure of R&D intensity that can be 
compared across industries and coun- 
tries (chart 16)* 

In IJ8I, the R&D-to-sales ratio for all 
industries was 2.3 percent in West Ger- 
many, compared with 3.1 percent in the 
United States. Using this measure, the 
aerospace industry is the most R&D-in- 
tensive in both countries. Although West 
German industry as a whole was slightly 
less R&D-intensive than U.S. industry in 
1981, West Germany had a much higher 
R&D-tosales ratio in the aerospace in- 
dustry and somewhat higher ratios in 
the chemicals and allied products and 
electrical equipment industries. 

Since 1979, U.S. ratios of R&D-to-sales 
have increased for the industrial sector 
as a whole as well as for each of these 



selected industries. R&D intensity in- 
creased for West German industry as a 
whole between 1979 and 1981, but de- 
creased in the professional and scientific 
instruments and the aerospace indus- 
tries- One of the major reasons for the 
difference in R&D intensity in the aero- 
space industry in West Germany and the 
United States is the large volume of U.S. 
sales: in 1979, U.S. sales in the aerospace 
industry were over 40 times those of 
West Germany. By 1981, West German 
aerospace sales had increased over 50 
percent and U.S. sales were only about 
25 times the value of West German sales. 
This decrease in the differential in sales 
between the two countries led to a nar- 
rowing of the R&D-intensity difference. 
In fact, the overall difference in R&D in- 
tensity of the aerospace industry in West 
Germany and the United States de~ 
creased 10 percentage points between 
1979 and 1981. 41 



J1 Because the aerospace industry laone in which there is 
cooperation between European companies, the research 
and development performed m Germany may be benefit- 
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r&d scientists 
and engineers 
in industry 

As research and development has be* 
come increasingly important to indus- 
trial competitiveness, many countries 
have increased their employment of in- 
dustrial researchers* Over 77 thousand 
scientists and engineers were employed 
in research and development in West 
German industries in 1981. Between 
1979 and 1981, about 3.5 thousand new 
researchers were employed by West Ger- 
man industries, representing an increase 



ling salte. of companies located in uther European nations. 
Such sales figures would not be captured in national daU« 
Thts may also be another factor resulting in R&EMcnsales 
ratio* that are higher in West Germany than in the United 
States. The German R&EMo-soJes ratios and sales data are 
based on national data See Helga EchiejriWf-SeverfH, For* 
tfJruntf und Entwddung ifuE) m tier Wrtschoft 1979, 1981, 
and Helga Echterhoff-Sevenlt, Fvrschung und Entwcklung 
(FuD M drr Wirtehaft 1984 {Essen, West Germany). 
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of 5 percent The U.S. increase in scien- 
tists and engineers engaged to industrial 
research and development rose 15 per- 
cent over the same period, reaching 48$ 
thousand by 1981. 

By for the greatest percentage of these 
scientists and engineers in both coun- 
tries are in the electrical equipment in- 
dustry (chart 17), with West Germany 
having a much higher concentration. In 
1981, 38 percent of all West German in- 
dustrial scientists and engineers en- 
gaged in research and development 
were employed in this industry com- 
pared with 22 percent in the United 
States* In addition to electrical equip- 
ment, West Germany's concentration of 
R&D scientists and engineers in the 
chemical and machinery industries is 
higher than that of the United States. 

Demand for electrical engineers is 
high in both countries, fueled by tech- 
nological developments in micro- 
processors and robotics/automation. A 
survey of U,S, industrial firm sin the ear- 
ly 1980's found that over one-half of the 
firms reported shortages in electronic, 
electrical, and computer engineers* Al- 
though these shortages had declined 
considerably by 1983, employers were 
still projecting high demand for these 
fields. 42 The number of first degrees in 
electrical engineering actually declined 
in the United States during the 1970's 
thereby exacerbating the problem* This 
trend, however has also been reversed, 43 



"National Science Foundation, "Industry Reports 
Shortages of Scientists and Engineers Down Substantially 
From 1962 to 1983/ $cttnce Resources Studies Htghttghts 
(N$F 84-303XWashingtorv D + C„ Feb 17,1984). 

^National Science Foundation, Science and Engineering 
Dtgna: (NSF S2307)(Wa3hington, D + C , 1982X 



Because the supply of electrical engi- 
neers in West Germany has generally 
exceeded the demand, enrollments of 
new students in this field temporarily 
decreased by almost one-fifth from 1976 
to 1980, West Germany expects a fairly 
strong demand for electrical engineers 
throughout the eighties and has taken 
measures to increase enrollments in this 
field. 44 

The Employment Service and the As- 
sociation of Electrical Engineering and 
Technology firms began a massive public 
awareness campaign to explain the op- 
portunities of a career in electrical engi- 



**Mintzes and Tash, op at** pp 135-137. 



neers, A concerted effort was made to 
advise high school teachers and stu- 
dents of the courses that the students 
should select in order to prepare for fur- 
ther study in engineering. In addition, 
the firms financed introductory courses 
in colleges to assist students in getting 
the necessary background course work 
to begin their college studies. These 
efforts were successful. Between 1980 
and 1983, electrical engineering enroll- 
ments had increased substantially— 
about 60 percent 45 



*lbid- and Hans-Juigen Block, "AktueUe Dalen zum 
Studium und zum Atbeitsmarkt wn Jngenieuren und 
Naiurwissenschafllom/' Beitrvge tue Hochxhutforsehurtg 
(Munich, West Germany. 19S5) 
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higher education 



f 



overall R&D 
trends 

It is difficult to make international 
comparisons of the resources devoted to 
research and development in the higher 
education sectors. For purposes of this 
report, the OECD definition of the high- 
er education sector is used: It comprises 
ail universities/ colleges of technology, 
and other institutes of postsecondary 
education whatever their legal status or 
source of funding/ and includes all re- 
search institutes/ experimental stations, 
and clinics operating under the direct 
control of, administered by y orassodated 
with higher education establishments. 
In the United States, for instance/ R&D 
expenditures in the higher education 
sector would include R&D funds spent 
not only in universities and colleges but 
also in federally funded research and de- 
velopment centers (FFRDC's) admin- 
istered by individual universities and 
colleges and by university consortia. In 
contrast to the U.S. system of relying 
principally on separately-budgeted R&D 
project awards^ West Germany depends 
on a dual system of institutional funding 
(including support for facilities) and 
project support for academic research: 
Universities and colleges receive general 
university funds for teaching and re- 



search/ as well as facilities and equip- 
ment, primarily from the State Govern- 
ments/ but also from Federal agencies 
such as the Federal Ministry of Educa- 
tion and Science; and R&D funds for 
special projects or programs are received 
directly from Government organi2ations 
such as the Federal Ministry for Research 
and Technology as well as indirectly 
through the autonomous German Re- 
se*^h Society. The Society is jointly 
funded by the Federal and State Govern- 
ments and also receives some private fi- 
nancial support. 

The U.S. data relative to West Ger- 
many are somewhat underestimated for 
a number of reasons. The West German 
R&D data for the higher education sector 
are national estimates derived from a 
survey of total higher education expendi- 
tures and personnel Adjustments are 
made to exclude non-R&D items and 
then estimates are made on the basis of 
time spent on research and de velopment 
for various fields and types of institu- 
tions. Only that portion of salaries asso- 
ciated with time spent on research is in- 
cluded.* 6 U.S. R&D expenditures for 
higher education are based on annual 
surveys. They cover only separately 



^Organisation for Economic Co-operation and Develop- 
ment (OECDK 'International Statistical Year 1981; Ger- 
many,* (Ibrii/ France/ 1984.) 



budgeted research and development 
and exclude departmental research un- 
dertaken in conjunction with teaching. 
In addition, West German higher educa- 
tion R&D data include research and de- 
velopment in the humanities together 
with social sciences. These represent 
only about 1 percent to 2 percent of total 
West German R&D expenditures and 
about 10 percent of higher education re- 
search and development. Adjustments 
were made to exclude R&D expenditures 
for humanities when discussing dis- 
tribution by Held. 

R&D expenditures in the West Ger- 
man higher education sector rose 60 per- 
cent in current terms over a 10-year 
period and reached DM6,8 billion in 
1983. In constant dollar terms, however/ 
very little growth was experienced over 
the period, and expenditures actually 
declined after 1981 (chart 18). In contrast, 
following an initial drop in the early sev- 
enties that was due largely to a decrease 
in real Federal funding, 47 the higher edu- 
cation sector in the United States en* 
joyed a 28-percent real increase from 
1974 to 1983. 



♦'National Science Board, Satnc? Indiattor^iS&l (NSB 
83- IK Washington, D.C.. Supi. of Documents/ US* Gov- 
ernment Printing Office), p. 305. 
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In T983, R&D expenditures in the 
higher education sector totaled 1.7 bil- 
lion constant dollars in West Germany 
compared with 6.7 billion constant dol- 
lars in the United States* Although the 
latter Nation spent four times that of 
West Germany in absolute terms, West 
Germany invested about the same, rela- 
tive to the size of its economy even when 
expenditures for humanities are ex- 
cluded* In both countries/ R&D expendi- 
tures represented about 0.4 percent of 
the gross national product in 1983. 

Although only 17 percent of all West 
German R&D funds were spent in high- 
er education in 1981, almost one-fourth 
of its scientists and engineers engaged in 
research and development were em- 
ployed in higher education. In the Unit- 
ed States, these two types of resources 
were more closely matched: 13 percent of 
the R&D funds were invested in this sec- 
tor in 1981, and 14 percent of all R&D 
scientists and engineers woe employed 
in higher education. 

Although the share of R&D funds de- 
dined, the number of scientists and en- 



gineers engaged in research and de- 
velopment increased in both countries. 
Between 1971 and 1981, R&D scientists 
and engineers employed in the higher 
education sector increased 47 percent in 
West Germany, reaching a level of 30.2 
thousand; in the United States, the 
number of these personnel rose 24 per- 
cent over the same period to a level of 
987 thousand. 

The higher education sector ^pre- 
sents a greater proportion of the Nation's 
research and development in West Ger- 
many than in the United States, but the 
role of this sector as a performer of re- 
search and development has declined in 
both countries. The higher education 
share of total R&D funds declined in 
West Germany from 20 percent in 1 970 to 
16 percent in 1983. In the United States, 
there was less of a decline, from about 16 
percent in 1970 to 13 percent in 1983 
(cha,:t 19). 



'•"Organisation for Economic Co-operation and Develop- 
ment (OECD). 



research and 
development by 
field 

Universities and colleges are the major 
performer of basic research in both coun- 
tries. About 60 percent of basic research 
expenditures are spent by the higher ed- 
ucation sector Since very little develop- 
ment is carried out in academe, the dis- 
tribution of current R&D expenditures 
by field is essentially the Held distribu- 
tion of research (chart 20). West German 
R&D expenditures in the social science 
fields of higher education have been ad- 
justed here to exclude R&D expendi- 
tures in the humanitie". Natural sciences 
consume the lion's share of R&D ex- 
penditures in both countries. In 1981, 
over half of all U.S. expenditures and 
one-third of West German research and 
development in the higher education 
sector went to natural science fields. 
West Germany spent a somewhat higher 
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proportion in engineering (21 percent) 
and in medical sciences (30 percent) than 
did the United States (17 percent in 
each)* 

An examination of R&D scientists and 
engineers by field in 1961 shows some- 
what similar patterns with a few excep- 
tions- In West Germany, about 9,300 nat- 
ural scientists and 5,700 engineers were 
employed in research and development 
on a full-time-equivalent basis- The 
shares of R&D expenditures match close- 
ly the proportions of R&D scientists and 
engineers in all the fields except medicaj 
sciencesand social sciences* Medical sci- 
ences received 30 percent of the R&D 
funds spent in the higher education sec- 
tor, but less than 20 percent of the re- 
searchers employed larger shares of the 
R&D scientists and engineers. 



r * 



In the U.S. higher education sector, 
there were 459,000 natural scientists and 
16,600 engineers engaged in research on 
a full-time-equivalent basis* The U.S. 
concentration of R&D expenditures was 
somewhat greater (51 percent) than the 
share of R&D personnel resources in the 
natural science fields (47 percent), and 
about the same ( 17 percent) for engineer- 
ing. The agriculture, medical, and social 
science fields all receive a somewhat 
smaller proportion of the R&D funds ex- 
pended by the higher education sector 
than their share of the R&D scientists 
and engineers. 

s/e degree 
production 

Although the higher education sector 
performs a major role in research, its 
primary responsibility is education. Re- 
search is closely coupled to teaching in 
West Germany as well as the United 
States, and ^he output of trained scien- 
tists and engineers is an invaluable con- 



tribution to these nations' S/T 
capabilities. 

Although West Germany has a large 
professional school system (to be dis- 
cussed later), comparisons here concen- 
trate on university level degrees* The 
number of first university diplomas 
awardedby West Germany in the natural 
science fields** increased 65 percent from 
5,400 in 1973 to 8,900 in 1983. Over the 
same period the number of U.S. bachelor 
degrees in natural sciences increased 
only 11 percent reaching 104,800 in 1983. 
The United States, however, grants more 
than three times the number of natural 
science degrees relative to its population 
than does West Germany: in 1983, 14 to 
15 out of every 100,000 persons were 
awarded a university diploma in natural 
sciences in West Germany compared 
with almost 45 in the United States (chart 
21). 

First university diplomas awarded in 
engineering increased over 70 percent in 
West Germany during the 1973-83 



"Includes physical sciences, mathematics and com* 
puter sciences, and biological sciences. Agricultural de- 
grees are considered separate!'* tor purposes of interna- 
tional comparisons, 




period and reached a total of 7,700, The 
United States graduates a larger number 
and a higher proportion of university- 
trained engineers relative to its popula- 
tion than does West Germany. In 1983, 
12 to 13 out of every 100,000 persons in 
West Germany received a university en- 
gineering diploma compared with 31 in 
the United States. 

In West Germany, an engineering de- 
gree can be earned from either a univer- 
sity or a fachhochschule (professional 
college)- The university course is a five- 
year program roughly equivalent in 
years of training to between a U.S. bach- 
elor's and master's level degrees. It con- 
sists of broad academic engineering 
training and usually some work experi- 
ence in industry. After completing the 
course work, a student must pass a State 
examination to qualify as a "diploma 
engineer." 

Fachhochschulen provide practical 
training that is shorter and more spe- 
cialized than university training and that 
lacks the broader range of courses in the 
sciences and management sciences avail- 
able in universities.* 0 They are an impor- 
tant source oi training in engineering 
skills, but only a minor source of training 
for scientists. In 1983, there were 14,900 
fachhochscnule graduates in engineer- 
ing and only 1,100 in natural sciences. 51 
Ttoice as many students graduate with 
engineering training from fach- 
hochschulen as from universities. If one 
were to consider these technical engi- 
neers together with the university-train- 
ed engineers, then West Germany's pro- 
portion of engineering degrees per 
100,000 population wouldbe 37, which is 
a higher concentration than that of the 
United States." 

The fachhochschule technical engi- 
neers play an important part in the Ger- 
man economy* They undoubtedly in- 
crease the technical competency of the 
German labor force and many of the 
fachhochschule engineers are employed 



*Mintzes and Tash, op. ctL 

^Dct Bundesminister fur Bfldung und Wissenschaft, 
Grund-und StnttourdaUn JSMfSS (Bonn/ West Germany, 
196$) and Stitmbche* Bundwmt, P/wfwngen an 
HochschuUn 1983 (Weubaden, West Germany, 1983). 

^National Science Foundation and Grund-und Stntkiw- 
dtden t9B3t84, op. at. 
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in industry. In fact this type of training 
may be particularly useful for industry- 
Nevertheless, this report concentrated 
primarily on comparisons of university 
degree data for reasons of comparability 
with U.S. data on engineering. The 
training of technical engineers does not 
appear to be equivalent to that of the 
university-trained diploma engineer. For 
example, very little research is con- 
ducted at the fachhochschule. in addi- 
tion to the difference in length of study, 
one cannot study for a doctorate in engi- 
neering after graduating f r om a fach- 
hochschule unless undergraduate stud- 
ies are repeated at a university. Further- 
more, there has been considerably more 
unemployment among the ranks of tech- 
nical engineers than among those engi- 
neers who are university trained: twice 
as many engineering graduates from 
professional colleges were unemployed 
(14,2 thousand) in 1983 as those who 
graduated from universities (7,2 thou- 
sand). In fairness, however, it should be 
remembered that there are twice as 
many graduates from these technical 
colleges as there are from universities. 
The importance of this engineering de- 
gree may be increasing and there is evi- 
dence that West Germany may phase out 
this two-tiered degree system in favorof 
one engineering degree. 53 

West Germany has considerably in- 
creased its doctoral production in natural 
sciences and engineering fields. The 
number of doctorates granted in natural 
science fields rose 35 percent from 2/000 
in 1973 to 2,700 in 1983. Over the same 
period the number of U.S. degrees in 
natural sciences actually declined 9 per- 
cent from almost 9,000 to about 8,200. 
The U.S. decrease occurred primarily in 
the physical and mathematical sci- 
ences. 54 Thenumber of engineering doc- 
torates in West Germany increased 43 
percent during the 1973-75 period, and 
maintained an annual level of 1,000 
through 1983. The United States experi- 
enced a 25-percent decrease in the 
number of engineering doctorates 
granted from about 3,400 in 1973 to 2,500 



^Mintzes and lash/ op at 

^National Science Foundation* Serene* and Engineering 
Doctorate 19&D-S2 (NSF 83-326) (Washington/ Dd, 1983), 
and Grund-und Strukturdaten 1983t84, op. at. 



in 1981, This trend, which is influenced 
by labor market demand, seems to be 
reversing itself, however because some 
increase in U.S. doctoral degrees in engi- 
neering occurred between 1981 and 
1963. Most of this increase/ however was 
accounted for by foreign students who 
constituted 56 percent of the U.S. engi- 
neering doctorate recipients in 1983. 55 

As a result of these trends in degree 
production. West Germany has over- 
taken the United States in terms of the 
number of S/E doctorates awarded as a 
percent of the population (chart 22). In 
1973, the United States graduated 4.2 
natural science doctorates per 100,000 
population, compat 1 with 3.2 for West 
Germany. In 1983, however the West 
German ratio for natural science docto- 
rates (4.4) was higher than the U.S. ratio 
(3.5). A similar pattern occurred in the 
field of engineering. Although the U.S. 
ratio of doctorates per population was 
higher in 1973, 10 years later the op- 
posite was true. In 1983, West Germany 
granted L6 doctorates in engineering for 
every 100,000 parsons. The engineering 
doctorate degree ratio in the United 
States was lower at 1.2 per 100,000 
population. 

The West German Government has 
emphasized the importance of providing 
outstanding educational opportunities 
in science and technology. It has initiated 
a number of programs such as the 
Heisenberg and AGF (Association of 
Big Science Establishments) programs by 
which young investigators can experi- 
ence work in large-scale facilities and re- 
search institutes. A new program would 
enable young scientists and engineers 
horn industry to receive additional train- 
ing in key technology areas at research 
institutes. The States in West Germany 
are primarily responsible for education, 
and they have recently initiated new 
doctoral programs. 56 



^National Science Foundation, Fwttgn Qttzeris tn U.S. 
Science and Engineering. History, Status, and Outlook (NSF 
86-30SKWi5h]ngton, D + C, 1986) 

^Federal Ministry for Research and Technology— Bun- 
desmjnistenum fur Forschung und Technobgje (BMFT), 
Bundesbmcht, op at* 
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Enrollment data for West Germany 
demonstrate the continuing importance 
placed by university students on natural 
SfE fields (chart 23} and can be used as 
indicators of future trends since field 
concentrations have remained fairly sta- 
ble. In 1983/84 about 20 percent of all 
West German students were enrolled in 
natural science fields and about 11 per- 
cent in engineering. Not all of these stu- 
dents will graduate, but it is likely that 
West Germany will be able to sustain its 
production of scientists and engineers at 
present or higher levels throughout the 
1980V 

s/e training of 
women and 
foreign 
students 

Data on university student demo*- 
graphic characteristics indicate that in 
1983/84 almost a third of all students en- 
rolled in natural sciences in West Ger- 
many werefemale(chart 24). Agriculture 
has a higher-than-average percent of 
female students (46 percent), but only 10 
percent of students enrolled in engineer* 
ing were women. Data on foreign-stu- 
dent enrollment in West German univer- 
sities show that the highest con- 
centration of foreign students is in the 
field of engineering (chart25). In 1983/84 
almost 10 percent of all engineering stu- 
dents in West Germany were foreign, 
compared with an average of 6 percent 
for all fields combined. Since students 
do not have to declare a major upon en- 
tering a university, simflar enrollment 
data are not available for the United 
States except for engineering. Such data 
showed that for engineering/ women 
represented 16 percent and foreign na- 
tionals constituted 6 percent of full-time 
students enrolled at the U,S. under- 
graduate level in fall 1983. 57 West Ger- 
many has a relatively lower percentage 
of female students and a higher percent- 



* 7 Engjneenng Manpower Commission of the American 
Association of Engineering Societies, Inc., Lngtncmngand 
Technology Ettrnflmtnts, Fall I9AJ (New York, New York, 
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age of foreign students enrolled in un- 
dergraduate engineering studies than 
does the United States* 

Table 5 shows that in both West Ger- 
many and the United States, women re- 
ceived a relatively high proportion of 
bachelor-level degrees in natural sci- 
ences and a relatively low proportion of 
degrees in engineering. The proportion 



of women in West Germany completing 
natural science degrees is almost identi- 
cal to that for all fields/ whereas in the 
United States it is lower than the female 
share of all fields combined* Women in 
the United States receive a greater pro- 
portion of degrees in both engineering 
and natural sciences/ as well as total de- 
grees, than in West Germany, 



Table 5. Female proportion of first 
university degrees: 1983 



Field 


West Germany 


United States 


All fields 


31% 


51% 


Natural sciences ♦ ♦■ 


30 


39 


Engi&eenng 


7 


13 



SOURCES Sutitfaschec 8undesvtf and the National Stance fajntfabw 
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s/t outputs and impacts 



scientific 
literature 

Scientific and technical publications 
are an important output of research, and 
publication counts are considered to be 
indicators of scientific activity. The fol- 
lowing discussion is based on a large 
data set developed from the Science Ci- 
tation Index (SCI) of the Institute for Sci- 
entific Information. Although there are 
some differences in national coverage, 
the SCI appears to provide generally 
well-balanced coverage for indus- 
trialized nations in the physical and bio- 
logical sciences. This data set represents 
about 3,100 frequently cited or influen- 
tial S/T journals. 

Tkble 6 presents the West German pro- 
portion of the world's S/T articles by field 
based on this influential set of journals 
It shows that in 1982, West German sci- 
entists and engineers authored 6.5 per- 
cent of the articles in all the fields cov- 
ered* This proportion of scientific liter- 
ature is twice as large as West Germany's 
share of the scientists and engineers en- 



Table 6, West German and U.S. 
percentages of the world's science and 
technology articles 1 by field: 1981-82 



Field 


West Germany 


United states 


1981 


1982 


1981 


1982 


AU fields 


6.3 


6.2 


35,3 


35.4 


Biology 


4.7 


4,7 


37 4 


38.1 


Biomedicine * 


62 


6.3 


39.5 


39.8 


CJiemistiy 


65 


6.2 


19.6 


20.9 


Clifi.cal mediate . 


6.6 


65 


VtA 


40 9 


Earth ana space 










sciences 


4 4 


4,3 


42.0 


41,9 


Engineering and 










technology 


67 


6,6 


377 


377 


Mathematics ... 


87 


6.6 


35.9 


37 0 


Physics 


66 


68 


30.0 


27.4 



■eased on wiictes. odes, dnrj few era in about HOQ ol the iniluerrtiaJ 
loumife cawed on the 1973 Scientfr Criia&n index Source ^f>e$ of the 
fasuute for SortfafiC IntorrcaWn When an article ■$ * ntten researchers 
from more man one oeuntry, the article rS Proreled dcro&s Ihe court, ^ 
involved 

SOURCE Com(Wi(e- Harmons* Inc , unPubhsfted data 



gaged in le search and development in 
the industrialized world. R&D scientists 
and engineers in West Germany repre- 
sent about 3 percent of all such scientists 
and engineers found in industrialized 



nations. 5 * U.S. scientists and engineers 
were responsible for 35 percent of the 
world's influential scientific literature 
and about 15 percent of the researchers* 
The highest West German share was in 
the field of physic * (6.8 percent) followed 
by engineering and technology (6*6 per- 
cent), and mathematics (6.6 percent). 

The United States was responsible for 
a much higher proportion of S/T articles 
than any country in each of the major 
fields listed. The fields in which U.S. 
scientists and engineers authored the 
highest proportion of articles were earth 
and space sciences (41 .9 percent), dimcal 
medicine (40.9 percent), and biomedical 
research (39.8 percent). 

From 1981 to 1982 the West German 
proportion of S/T articles was fairly 
steady but dropped slightly in many of 
those fields, with the largest decrease 
coming in mathematics. The fields of 
physics and biomedical research actually 
showed some slight gains. 



! *Thjs estimate & based on data for all OECD countries 
and the Soviet Union Soo Organisation for Economic Co- 
operation and Development. Sconce and Txhttotogy /rtrftftf- 
forsiftra, France, W&fy and Robert Campbell, SovtetR&D 
SfatatH*. 1970 83 tWa&hington. D C , National Science 
Foundation, 19&4) 
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There were a number of subfields in 
J 198Z in which West German articles rep- 
resented at least 10 percent of the world's 
IS/T literature. Table 7 shows these sub- 
fields in the order of the West German 
| contribution to S/T literature* 

btal» 7. West German percent of world's 
science and technology articles, selected 
fields: 1 1982 



SubfieW 



Applied chemistry 

Unclear technology 

Orthopedics 

I Obstetrics and gynecology ,. 

Microscopy 

Metals and metallurgy 

Materials scientx 

Nuclear and particle physics 



Percent 



15 
14 
13 
13 
12 
10 
10 
10 



*i«rtd*arfld* 

S0UAC& Comptrttr Horizons. If* . 



patent 
indicators 

J Patents represent oneof the major out- 
Iputs of research and development and 
I innovation . Even though all new ideas or 
[inventions are not patented, patent data 
{have become accepted as being among 
[the best measures of inventive activity, 
I Although the perceived market potential 
i and general economic conditions are inv 
(port ant influences in the decision of 
[whether and where to patent studies 
[have indicated that technological inven- 
I tiveness is a driving factor in foreign pat* 
Jenting activity. 5 * 

During the seventies, domestic patent 
I applications decreased in both West Ger- 
many and the United States (chart 26), 
I indicating a probable decline in inven- 
tiveness- Intellectual property can be 
[protected either by means of patenting 
lor through other means such as the 
{maintenance of trade secrets. Although 



"•Keith Favitt and Luc Soeto, "Innovative Activities and 
| Export Shares Some Comparisons between Industries 
| and Countries/ in Keith Pavitt (ed,> Technical Innovation 
\gtvt Brttist* Economic Performance (London: MacMillan* 
1 1980); and Luc Soeteand Sally M.E. Wyaa Domestic and 
I Foreign Patenting in the United States and the EEC To 
I wards the Development of an Internationally Comparable 
I Science and Technology Output Indicator* Workshop on 
I latent and Innovation Statistics (Pans. France. Orgarusa- 
I tkm for Economic Co-operation and Development. 1982). 




an increased use of trade secrets may 
have affected these trends, the propen- 
sity to patent or protect via trade secrets 
differs among industries, firms, and in- 
ventions. Since domestic patenting has 
decreased across most product fields in 
the United States, it is thought that the 
decline in patenting actually represents a 
decrease in the production rate of inven- 
tions rather than being primarily at- 
tributable to the increased use of trade 
secrets.* 0 In 1984, the number of patent 
applications by national inventors in 
West Germany was only 1 percent below 
the level at the beginning of the seven- 
ties. The U,S, level of domestic patent 
applications was 19 percent lower than in 
1970, Recent patent application data 
presents a more optimistic picture, Do- 
mestic patenting in West Germany 
shows an upturn, and the decline in U,S, 



^National Science Board Sock* tndicator$~l9B2* op. 
nr., p 13. 



applications appears to have been re- 
versed. From 1981 to 1984, domestic pat- 
enting increased 9 percent K% West Ger- 
many compared with a 1-percent decline 
in the United States, 

The most important or potentially 
profitable inventions are often patented 
abroad, U,S, inventors have been very 
successful in patenting their inventions 
in Vtest Germany (chart 27), In 1970, al- 
most 47 percent of all foreign-origin pat- 
ents granted there went to U,S. inven- 
tors. This proportion dropped substan- 
tially during the midseventies, but since 
then has bc-en holding fairly steady and 
was 29 pei cent in 1984, 

During the sixties and up to the mid- 
seventies, West Germany patented more 
inventions in the UnitedStates than any 
other foreign country. In 1970, scientists 
and engineers from that country were 
granted over one-fourth of all foreign- 
origin patents in the United States and 7 
percent of the total. The number of U.S, 
patents granted to West German inven- 
tors rose over 10 percent from 1970 to 
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1984, and U.S. domestic patenting de- 
clined 30 percent through 1983 before 
increasing substantially in 1984. Thus, 
although the West German share of for* 
eign-origin patents declined slightly to 
22 percent, the proportion of total U.S. 
patents granted to West Gerntan scien- 
tists and engineers increased to9 percent 
in 1984. 

Patenting activity in the United States 
with respect to product field is highly 
concentrated. Over 60 percent of U.S. 
patents granted to West German inven- 
tors are in machinery and chemical tech- 
nologies, and about 54 percent of U.S. 
domestic patents are in these same 
areas- West German inventions were 
more highly concentrated in non- 
electrical equipment (27 percent) than 
those of domestic U.S. inventions (22 
percent). This was true for the chemicals 
and allied products group as well, which 
represented one-fifth of West German- 
origin patents compared with 15 percent 
of those patents granted to U.S. inven- 
tors. The United States had a higher per- 
centage of its patents in electrical equip- 
ment than did West Germany — 17 per- 
cent versus 14 percent. 

In 1975, the United States granted 
more patents to Japanese inventors than 



to West Germans. By noting the na- 
tionality of U.S. patent applicants ac- 
cording to product group of invention, 
one can discern the relative tech- 
nological competitiveness of foreign 
countries. By 1983/ Japan had become 
the leading foreign patent country in the 
United States in all major product 
groups — many of which were areas of 
previous German strength. This was 
true for chemicals and allied products, 
machinery — both electrical and non- 
electrical, professional and scientific in- 
struments, aircraft and parts, and motor 
vehicles. 

In 1983, more West Germans were 
granted patents in the United States in a 
number of specific product groups than 
from any other foreign country. Table 8 
lists those product groups in the orderof 
their percentage of total U.S. patents in 
1983. 

Although Japan had assumed the for- 
eign leadership in percentage of patents 
granted in the United States, West Ger- 
many received a relatively high propor- 
tion in 1983 in the following areas: Motor 
vehicles and parts, 14 percent; aircraft 
and parts, 14 percent; and engines and 
turbines, 13 percent. 



Table 8. U.S. patent areas with hlgh-lmf 
West German activity 1 





West German 




percent of U.S. 


Product group 


patents in 1963 


D^ilM^H UmnMAAt 


10 


ojKCTsi inousirwi rmcnincry 




except nvw wyjwng 






1c 
10 


Industrial organic chemistry ... 


14 




13 




11 


Soaps, perfumes, cosmetics . . . 


10 




10 


Construction and mining 








Fam and garden machinery . . . 


8 


Guided missiles and space 




vehicles and parts 


7 



*Tho$4 pfOtfuci 9fiNp$ to vtlidi Wfctt G&rtkin untMOff wttt {pinted flit 
higfhest proporbon of US. pfttfltf of *f lomQft country 
SOURCE Office of tomtow tosesstrmi jrri fofwasi, u s P*rt«tf 
taferort mot. pttm fonts to the Um4$tMte **i Otfm Ctartn**, 
ffxtfontf Count Report t$6fr*X 19*4 



Because the cost and effort involved in 
applying for a patent in a foreign country 
act as a quality screen, external patents 
are thought to have more technical or 
commercial value than the average do- 
mestic patent. Since companies gener- 
ally will seek patent protection before 
exploiting their inventions via foreign li- 
censing or foreign trade, foreign patent* 
ing can also be an indication of foreign- 
market interest. 

An examination of external patenting 
by OECD countries showed that the 
United States and Germany had the 
highest shares of all OECD external pat* 
ents. The United States declined from 35 
percent in 1970 to 32 percent in 1982/ but 
the West German share was steady at 
about 20 percent.* 1 

External or foreign patent applications 
by both U.S. and West German inventors 



•'Organisation Tor Economic Co-operahon a rid Develop- 
ment, OECD Sc/fflff and Ttckttolo$y Indicators \l t Arme* 
(Pans, France. 1985) 
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: decreased 31 percent and 23 percent, re- 
spectively, between 1970 and 1978 (chart 
28), Obviously not all patent applications 
remih in patent grants, but the number of 
foreign patents granted probably also 
declined unless the application-to-grant 
success rates drastica'ly increased** 1 

Two significant mechanisms for inter- 
national patenting have become avail- 
able since 1978. The Munich Convention 
of October 5, 1973, known also as the 
Biropean Fbtenting Convention \EPC), 
and the International Patent Co-opera- 
tion Treaty (PCT), greatly simplify the 
filing of patent applications for the same 
invention in more than one country. This 
has greatly increased the number of ex- 
ternal patents. When these EPC and PCI 
patent filings are added to the World 
Intellectual Property Organization 
(WIPO) data that now show national fil- 
ings, the resulting trends in external pat- 
enting are quite different; between 1978 
and 1982 the number of U.S. external 
patent applications increased 35 percent 
reaching their 1970 level, and the West 
German external patent applications in- 
creased 33 percent to about 80 thousand 
in 1982* Because these international 
mechanisms offer the possibility of pat- 
ent protection in a broader array of coun- 
tries at a low marginal cost, the overall 
effect is an inflation in external patenting 
which may or may not correspond close- 
ly with an increase in inventiveness. 
Nonetheless, the increase in external 
patent protection certainly enhances the 
potential industrial competitiveness of a 
nation. It should be noted that the in- 
crease in external patenting via interna- 
tional patenting mechanisms does not 
affect significantly the domestic patent- 
ing trends and conclusions based on 
trends in West German patenting in the 
United States which were discussed ear- 
lier. For instance in 1983/ the use of inter- 
national patent mechanisms increased 
domestic patenting onty by 2 percent in 
West Germany and only 0.4 percent in 
the United States.* 3 



"These data are from the World Intellectual Property 
Organization, which collects and publishes national pat' 
tot data from most of the countries in I he world Unfor- 
tunately only patent application data are available for 
world totals. 

* J £bsed on data tn an unpublished pECD working pa- 
per on the technological positron of OECD members pte 
seated for discus^on at an October 19S4 meeting. 




royalties and 
fees 

Data on international transactions in 
royalties and fees are often used as in- 
dicators of technology transfer. Royalties 
and license fees are payments for the use 
of intellectual property such as patents, 
inventions or processes/ copyrights, etc. 
It should be stressed that for several rea- 
sons these are only a rough and partial 
indicator of the level of transfer They are 
only partial measures because tech- 
nology can be transferred across national 
borders as exported or imported goods 
or services. laments are usually spread 
over time rather than paid in lump sums 
and therefore data on any given year 
reflect returns on previous agreements 
as well as contracts in that yea r. Nonethe- 
less, royalties and fees data do provide 
some information on the flow and direc- 
tion of technology ^ 



Data on international receipts and pay- 
ments for West Germany and the United 
States demonstrate that the major dif- 
ference between these two countries is 
that West Germany is a net importer and 
the United States a net exporter of tech- 
nical know-how (chart 29). In 1983, U.S. 
receipts for royalties and fees were over 
30 times the payments; in West Ger- 
many, payments were almost twice the 
receipts. U.S. receipts increased almost 
49 percent in real terms from 1970 to 
1983/ reaching 4.4 billion constant dol- 
lars. West German receipts rose 61 per- 
cent over the same period and payments 
were only 18 percent higher In fact, be- 
tween 1975 and 1982 West German pay- 
ments declined 8 percent. As a result, 
the West German balance, although still 
negative/ has improved and registered a 
deficit of 284 million constant dollars in 
1983. Over half of the West German pur- 
chases of technical know-how through 
royalties and fees are from the United 
States. 6 * 



"For a more complete discussion of the limitation and 
meaning of these data, see Jennifer Sue Bond. "US Inl**' 
national Transactions m Royalties and Fee*-— Trends and 
iheir Interpretation." * paper pri>*ented at an OLCD 
Workshop December 1981. 



•'Federal Ministry tut Restarvh and Technology— Bun- 
dt h *minj*tt 3 rium fut fur^hung und Teihntritjgie iBMFT), 
op at. 
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technology 
trade 

Trade in high technology products 
represents another mode of technology 
transfer. Although it is difficult to deter- 
mine the precise amount of technology 



transferred, it is undeniable that interna- 
ttortal trade is a major channel through 
which technology flows and that such 
trade has an increasingly important eco- 
nomic impact. 

West Germany maintained a negative 
balance of trade in technology -in ten- 



sive** products with the United States 
throughout the sixties, but this deficit 
worsened considerably in the seventies 
and eighties, Inl970> the deficit was$0.5 
billion, but by 1981, it had reached $2.8 
billion (chart 30), Exports to the United 
States increased in 1983 and 1984, im- 
proving the West German trade balance 
to a negative $L5 bilKon, West Germany 
also began to run a negative balance of 
trade jn technology-intensive products 
with Japan in 1969. By 198-1, West Ger- 
many's deficit with Japan had reached 
$2.4 billion, greater than its deficit with & 
the United States. West Germany has 
maintained a positive balance of trade, 
however, with its other partners. In 1984/ 
for example, West Germany had a $1.6 
billion surplus of technology-intensive 
trade with Italy, $18 billion positive bal- 
ance with France, and $0.9 billion sur- 
plus with the United kingdom. West 
Germany registered an overall positive 
trade balance of $10.6 billion in tech- 
nology-intensive products in 1984. 

Trade with the United States has been 
influenced by the dollar exchange rate 
and strong U.S. economic recovery, 67 In 
1984> West Germany had a positive bal- 
ance with the United States in agri- 
cultural chemicals, engines and tur- 
bineSr radio and TV receivers, and 
professional and scientific instruments 
(table 9). 

West Germany's !-rgest deficit with 
the United States is <n office computers 
and accounting machinery ($1.0 billion). 
It has a somewhat smaller defici* in elec- 
trical machinery> communications 
equipment and electronic components/ 
and aircraft and parts, even though its 
overall trade balance was positive in 
these three product fields, (See table 
B-37.) West Germany also registered a 
deficit in world trade in office machines 
and radio and TV receiving equipment. 

Between 1970 and 1984, both the U.S. 
and West German world export shares 
declined in many of the product groups 



*Theru is no nniverjlly accepted definition of high* 
technology products or technology, intensive product* 
The definition n$ed here is one that vas adoped by the 
OECD Tethnulugj -intrn^ve product* are E hose product* 
fur which K&DcKtK-nditnrcs exceed 2,36 percent of sales. 
See table 6 for a lis* of the project fields inclnded. 

S Department of Commerce, U.S Trade Ptrform&tce 
m and Uuftatf (Washington, D.C , June I9$4*> 
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ftble 9. West German trade fn 
selected high technology products' 
with the United States: 1984 

[Dollars in million^ 



Product group 


Exports 


imports 


Balance 


Total 


$2,9&3 0 


$4,500.3 


$-1,531 4 


Aircraft and parts 


119,5 


270 3 


-1507 


Office computing 








and accounting 








machines 


341.1 


1.361 0 


-1.019.9 


Electrical 








transmission 








and distribution 








equipment 


5423 


880.7 


-338.4 


Communication 








equipment and 








electronic 








components * * * 


160 1 


568.5 


-368.4 


Professional and 








scientific 








instruments ... 




435.2 


230.9 


Drags 


135.0 


139.9 


-4.9 


Plastic materials 








and synthetics . 


305.5 


344.2 


-38.7 


Engines and 








turbines 


395 6 


126.0 


269.5 


Agricultural 








chemicals .... 


44.5 


24 1 


20.4 


industrial inorganic 








chemicals .... 


220,3 


344.8 


-124.5 


Radio and TV 








receiving 








equipment 


19.0 


5.6 


13.3 



JlfchiwtDsy-intefrsnr* Products are tiv deluded twie as those lor which 
fl&O expenditures exceed 2 36 Peicer^ ot safes 
SOURCE Special tabulations pr«(^re<l ioril>e DrvtsKtn 01 &def>c« Resources 
Studies. Rational Sotnte FouniattinH oy Data Resources 'x t \Wb 



as can be seen in table 10. West Germany 
increased its export share only in aircraft 
and parts, which rose from 3.4 percent in 
1970 to 15.2 percent in 1984. Its export 
share dropped 5,2 percentage points in 
drugs between 1970 and 1982, but subse- 
quently recovered somewhat and was 
15.8 percent in 1984. West Germany's 
highest export share -was in plastics and 
synthetic materials. This share has re- 
mained steady at about 21 percent. The 
United States also experienced declines 
in many of the groups examined, but 
produced a large increase in its share of 
agricultural chemicals; the U.S. share 
rose from 19.7 percent in 1970 to 33.7 
percent in 1984. The United States expe- 
rienced smaller increases in its export 
shares in the following product groups: 
Engines and turbineSr electrical trans- 



late 10. Percent distribution of world 1 export shares in technology-intensive 
product groups: 2 1970* 1982, and 1984 



Product group 


West Germany 


United States 


1970 


1982 


1984 


1970 


1982 


1984 


Total 


16.8 


15.5 


14 5 


27 0 


24.7 


25.2 


Aircraft and parts 


3.4 


11.6 


15.2 


60 7 


52.7 


45 1 


Office computing and accounting machines . . 


15/1 


11.5 


9.2 


37 5 


38 0 


35 b 


Electrical transmission and distribution equipment 


22 5 


191 


17 3 


21 9 


22.9 


23.8 


Communications equipment and electronic 














components 


15.2 


12.5 


10 4 


27.7 


25.9 


26.5 


Professional and scientific instruments 


20.1 


15.7 


153 


21,8 


16.7 


137 


Drugs 


19.5 


14.3 


15 8 


16.5 


15 9 


196 


Plastic materials and synthetics 


22 3 


210 


214 


17.2 


15.0 


14,4 


Engines and turbines 


18 1 


169 


16.4 


27 7 


30.5 


29.9 


Agricultural chemicals 


17.3 


12,5 


13,0 


19.4 


28 6 


33.7 


Industrial inorganic chemicals 


17.3 


15.4 


150 


23.1 


20.6 


23.9 


Radio and TV receiving equipment 


12.4 


9.5 


82 


6.4 


2.1 


.5 



1 Wd*W s*urc r* brad <H» 24 «l«ninO countries 

ffeCtaokw-tmeTOtt Product* are tfiov 1 defined fwre as those lor which RfiO exp*fldttu«5 exceed 2 36 P«cent d sates 

SOURCE Speasi tabulations prepared tof Iho torsion of Science Resource* Stud**, Nvhonjl Science Foundation, ty Dju Resource*. Inc. 1986 
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mission equipment, and drugs. Consid- 
enng all of these groups together, West 
Germany's export share dropped from 
16.8 percent in 1970 to 143 percent in 
1984. The U.S. share was higher but also 
declined — from 27 percent in 1970 to 
25.2 percent in 1984. 

During the same period, 1970-84, Ja- 
pan increased its export share in these 
product groups by 9 percentage points, 
surpassing the West German share. Ja- 
pan's export share reached 20 percent in 
1984, and was second only to the United 
States. France also experienced a slight 
increase in its export share in these prod- 



uct fields throughout the sixties and 
maintained a level of about 8 percent in 
the eighties. This was still below the 
share of the United States, Japan, and 
West Germany.** 

In conclusion, West Germany has in- 
creased its S/E resources since the seven- 



**Bafed on data in special tabulations provided to the 
Division of Science Resources Studies, National Science 
Foundation, by Data Resources, lnc , 19d6 



ties* with a slowdown of growth occur- 
ring in the eighties. In terms of science, 
West Germany's share of a set of the 
world's influential scientific and tech- 
nical literature appears to be fairly 
steady and even increased slightly in the 
fields of physics and biomedicine. Its 
competitive edge in many technological 
areas on the other hand seems to be de- 
creasing. The West German share of 
world exports in many technology-in- 
tensive product groups has declined and 
West Germany has been succeeded by 
Japan as the foreign leader in U.S. pat- 
enting activity in most product groups. 
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appendix a 



technical notes 



Differences in definitions, concepts, 
and data collection and reporting prac- 
tices make precise cross-country com- 
parisons difficult. Much has been done 
by the Organisation for Economic Co- 
operation and Development (OECD), 
however to institute uniform definitions 
and standards. The West German data 
presented here generally reflect the defi- 
nitions as outlined in the OECD manua l, 
commonly referred to as the Frascati 
Manual. 1 The data presented by the West 
German Government in documents 
such as the Bundesbericht Farschung 1984 
differ somewhat from those it reports to 
the OECD: research and development 
(R&D) expenditures reported in its na- 
tional data are higher than those re- 
ported in OECD. Forexample, West Ger- 
man total R&D expenditures in 1983 as 
reported in the national data were about 
46.8 billion deutsche marks (DM), com- 
pared with the DM43.0 billion reported 
to OECD. The differences arise, in part, 
because the OECD definitions require 



Kfrgftntattton for Economic Co-operation and Develop- 
ment, The Measurement of Scientific and Technical Activities. 
1981, commonly called the Frascati Manual, which out- 
lines the definitions, survey procedure*, etc. (Pans, 
fance, 1981). 



data to be reported on the basis of the 
institutions that perform research and 
development i.e.,, the data are per- 
former-based. The national data are col- 
lected from agencies that fund research 
and development, i.e., the data are 
source-based and include R&D funds 
that are provided to those institutions 
whose primary function is other than 
research. The main difference, however, 
is that the national data include West 
German funds for research and develop- 
ment performed by both international 
organizations and German institutions 
abroad. Such expenditures are not in- 
cluded in the U.S. data and thus this 
report utilizes principally the data 
provided to OECD since they more 
closely approximate those of the United 
States. 

Some data presented in this report are 
of necessity based on national data. 
These include R&D funds disaggregated 
by the Federal and State Governments 
(Bund and Laender), or by ministries, as 
well as Government targets for R&D ex- 
penditures. The data on R&D-to-sales 
ratios are based on national industrial 
data because sales data are available only 
on the basis of the national industrial 
categories. There are various measures 
of R&D intensity that are frequently 
used by analysts (e.g., R&D-to-sales, 



R&D-to-value added, etc). R&D-to- 
sales is used in this report because data 
are available by industries for both the 
United States and West Germany. 

In the interest of presenting as com- 
plete a profile of West German science 
and technology (S/T) efforts as possible, 
data on basic research and on research 
and development in the higher educa- 
tion sectors are presented. It should be 
noted that these data are more problem- 
atic and are less reliable than other R&D 
expenditure data. Therefore considera- 
tion should be given only to trends and 
to major changes and differences in data 
for this sector Although R&D expendi- 
tures in the humanities are generally in- 
cluded in West German R&D data they 
represent only about 1 percent to 2 per- 
cent of the national total. Estimates have 
been made to exclude these figures for 
the field distributions in the higher edu- 
cation sector data. 

Fully satisfactory R&D deflators 
(which would correct the effects of infla- 
tion on R&D activities) and R&D ex- 
change rates have not yet been de- 
veloped. Use of current exchange rates 
results in figures that are heavily influ- 
enced by the relative strengths of na- 
tional currencies. To provide more accu- 
rate comparisons with U.S. resources, 
purchasing-power parities rather than 
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current exchange rates are used unless 
otherwise specified. Exchange rates re- 
flect comparable purchasing power be- 
tween countries and have been calcu- 
lated at a general level referring to the 
econoir y as a whole* Thus they indicate 



the purchasing power for R&D resources 
only broadly. The purchasing power par- 
ities have been taken from OECD na- 
tional accounts data. They are based on 
direct price observations made in studies 
developed under the auspices of Eu- 



rostat and the United Nations Interna- 
tional Comparisons Project. Constant- 
dollar figures are based on the implicit 
gross domestic product (GDP) deflator 
derived from the OECD National Ac- 
counts dita bank. The base year is 1975. 
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Table B-1. National expenditures for the 
performance ol research and development: 
1970-85 



Ybar 


Constant 1975 dollars 
in millions 1 


West Germany 


United States 


■IOTA 

1970 


$6,348 


$35,600 


1971 


6,973 


34,644 


1972 


7,314 


35,596 


1973 


7,203 


36,569 


1974 


7,443 


35,722 


1975 


7,856 


35,213 


1976 


7,616 


36,609 


1977 


6,017 


38,199 


1978 


6,601 


40,108 


1979 


9,614 


41,934 


1960 


*9,891 


43,789 


1981 


10,066 


46,067 


1982 


10,351 


47,731 


1983 (prel.) - - 


10,462 


50,972 


1984 (est,) 


10,606 


54,042 


1965 (est,) 


*11,106 


58,182 



'Bftttd on OCCO deflator* and purcftttna pom putt**. 

NOTE; WM G*mafi4Hitftr 190445 areMSF etfroatotrod on prthn*nry 



SOURCES. OrqwlMOon for Economic Co**P*r«ion *t\i Development. 
KxKn* Soar** fpuwttton. iod f«fcrtl MtffcStry for Ftesttroh tnd focrr 
% fur FOfSCfiUOg imd fectlMtogto (BMFT) 



Table B-2, national expenditures for the 
performance ol research and development 
at a percent of the gross national product 
197045 



tear 


West Germany 


United States 


1970 


2.1% 


2,6% 


1971 


2.2 


2,4 


1972 


2.2 


2,3 


1973 


2.1 


£,3 


1974 


2.1 


2,2 


1975 


2.2 


2,2 


1976 


2.2 


2,2 


1977 


2,1 


2,1 


1976 


2,2 


2,1 


1979 


2,4 


2,2 


1980 


2,4 


2,3 


1981 


2,5 


2,4 


1982 


2& 


2,5 


1983 (prel.) 


25 


2,6 


1984 (est,) 


2,5 


2.6 


1985 (est,) 


2,6 


2,7 



^MttGffliund*uior19tt^jftrtSF*&mtm 



SOURCES: Orprtabtt ft* Etonimfc Co-operation and OMfoprrttfl, Ha- 
Honil Sdence fbundtfta. tod Frit** Ministry for Restart* and 16ch- 
flotojy Swtafnft&prttim fur fortdmng and fechoobpte (BWFT) 
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Table B*3. Estimated ratio ot nondefense 

research and development (R&D) 
expenditures 1 to gross national product: 
1970-85 



Year 


West Germany 


United Slates 


1970 


1.9% 




1971 


z.u 


1 fi 
1 D 


1972 


2,1 


-1 fi 


1973 


l .y 


I'D 


1974 


2.0 


1,6 


1975 


21 


t.6 


1976 


2,0 


16 


1977 


2.0 


1,6 


1978 


2.1 


1,6 


1979 


2,3 


1,7 


1980 


2.3 


1,8 


1961 


2,4 


1,6 


1962 


2,5 


1.9 


1983 (prel) ... 


2,4 


1.9 


1984 (est.) 


2,4 


1.6 


1985 (est) 


2.5 


1,9 



'national R&D expwtftures exctotao Gownmem h*nds lor defense 
NOTE W&ferman data tor 1953-&5 are WSF estimate* tu*ed«ftP"rfimwi»V 
national figu^ 

SOURCES Oroamsation lor Economic Co-operation and Development am) 
the National Science Foundation 



Table B-4, National research and development (R&D) by source of funding: 1970-83 

[Constant 1975 dollars in millions] 





West Germany 




Government 


As percent 


Industry 


As percent of 


Year 


financed 


of total R&D 


financed 


total R&D 


1970 


$2,881 


45.4 


$3,388 


53,4 


1971 


3,244 


46.5 


3,626 


52,0 


1972 


3,611 


49.4 


3,580 


49,0 


1973 


3,583 


49.7 


3,504 


48,7 


1974 


3,723 


50.0 


3,580 


48,1 


1975 


3,633 


47.4 


3,836 


50,1 


1976 


3,667 


46.9 


3,955 


50,6 


1977 


3,542 


44,2 


4,236 


52,6 


1978 


3,842 


44,7 


4,458 


51,6 


1979 


4,084 


42,5 


5,326 


55.4 


1960 


NA 


NA 


NA 


NA 


1981 


4,191 


41,6 


5,736 


57,0 


1982 


4,361 


42,1 


5,890 


56.9 


1983 


4,262 


40,9 


6,083 


58,1 




United States 


1970 


20,400 


57,0 


14,307 


40.0 


1971 


19,434 


56,1 


14,055 


40.6 


1972 


19,760 


55.5 


14,636 


41,1 


1973 


19,523 


53.4 


15,825 


43,3 


1974 


16,315 


51.3 


16,172 


45,3 


1975 


16,109 


514 


15,820 


44,9 


1976 


16,787 


51.0 


16,692 


45,3 


1977 


19,260 


50.5 


17,526 


45,9 


1976 


19,899 


49.6 


18,706 


46,6 


1979 


20,469 


48.8 


19,909 


47,5 


I960 


20,595 


47.1 


21,616 


49,4 


1981 


21,412 


46.5 


23,039 


50,0 


1982 


21,971 


46.0 


24,111 


50,5 


1983 


23,347 


46.7 


24,945 


49,9 



MOTE' MA - not awUbk 

SOURCES Ofgarusaton tor EcooomK Co-operaDon and Development art the Nabonat Science Foundflion 
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Table 8-5* Current expenditures for 
basic research: selected years 

[Dollars in minions] 







Percent of 






research and 


Year 


Total 


development 1 




West Germany 


1973 


$1,460 


30 


1975 


1J10 


26 


1977 


1*946 


25 


1979 


2*261 


21 


19B1 


3*072 


22 




United States 


1973 


3*946 


13 


1975 


4,608 


13 


1977 


5,537 


13 


1979 


7,257 


13 


1981 


9*180 


13 



1 Percent ol current ftto expenAtuto 

SOURCES Federal Ministry tor Research and Technology — Bun- 
dettntotstenum fur forschung und tohnoJogie (&MFT) md the Ka&onai 
Science fortdation 



Table B-7* Current expenditures for applied 
research and development: 
selected years 

(Dollars m millions! 



Year 



1973 
1975 
1C77 
1979 
19S1 



1973 
1C75 
19/7 
1979 
1981 



Applied research 
and development 



As percent of 
total 



West Germany 




United States 



26*772 
30*605 
37*246 
47*676 
62*660 



87 
87 
87 
87 
87 



'Percent of current R&Q exjMHttures. 

SOURCES togamufcon for Economic (^operation md Development and 
be Httwvtl Sconce ftwGMh 



B-6, Percent distribution of basic research 
expenditures 1 by performer selected years 











Higher 


Year 


Total 


Government 


Industry 


education 




West Germany 


1973 ... 


100 


18 


12 


70 


1975 


100 


19 


12 


69 


1977 ... 


100 


19 


9 


73 


1979 ,, 


100 


25 


15 


59 


1981 ... 


100 


22 


18 


60 




United States 


1973 ,.. 


100 


15 


16 




1975 ,.. 


100 


16 


16 


59 


1977 ,,, 


100 


17 


16 


58 


1979 ,,, 


100 


15 


16 


60 


198t ,,, 


100 


14 


18 


59 



iCuntflt expenditures 

jfT Tbwe *s a break in the West 3enrun sfttes btte&n 1977 and 1979 
because of increased coverage of the industrial sector In me tinned SUies 9 
percent d basic ^search is performed by Prwaie nonproW organizations tor 
att the years shown 

SOURCES Federal Ministry for Research and fechnoloOY- 
fiondtemmistenum fur forscfwno uhd Itchnolog* (Bf MT), Organisation to r 
Econormc Co>oPeraiiOn and Development and the National Scierv* 
Foundation 



Table 8-8. Natural scientists' as a percent 
ol the labor force: selected years 





Natural 


As 




As 




scientists 


percent ot 


Engineers 


percent of 




(in 


labor 


(in 


labor 


Year 


thousands) 


force 


thousands) 


force 




West Germany 


1970 


161.0 


06 


414,0 


1.5 


1980 


2310 


,9 


390,0 


1.5 




United states 


1970 


594.0 


J 


1*367.2 


1,6 


1900 


870.0 


,8 


1,701.2 


16 



^etudes phy&al* mtfhenubea*. and Me saenUsfc 
SOURCE National Science Foundation 



Table B-9* Ratio ot research and 
development (R&D) scientists and 
engineers ($/Ts) fo tabor force: 1970-84 







R&D S/t's 




R&D S/E's 


to 1*000 


Year 


(in thousands) 


labor force 




West Germany 


1970 


82.5 


3.1 


1971 


90.2 


3.4 


1972 


96.0 


36 


1973 


101.0 


3,7 


1974 


102.5 


3.9 


1975 


103.7 


3,9 


1976 


104,5 


4,0 




111.0 


4.3 


1978 


HA 


HA 


1979 


122.0 


4.5 


19B0 


HA 


HA 


1981 


128.2 


4.7 


1982 


129.0 


4,7 


1983 


129.5 


4.7 


1984 (est.) 


130.0 


4.7 




United states 


1970 


544,2 


64 


1971 


523.8 


6.1 


1972 


515 3 


5.8 


1973 


514,8 


5,6 


1974 


520,8 


5.6 


1975 


5277 


5.5 


1976 


535 6 


5.5 


1977 


561.0 


5.6 


1976 


587.0 


5.7 


1979 


614,8 


5.8 


1960 


651.7 


6,0 


1981 


683,7 


6,2 


1982 


702.8 


6,3 


1983 


722,9 


6,4 


1984 (est) 


750,7 


6.5 



WOTf HA - not amiable 

SOURCES Stitistisches Condesamt. Organisation tor Economic Co-opera- 
tion ar»d Development, and the Nabonat Science fotmdatwn 
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Table B-10. Percent distribution of West German Federal R&D 
funding by agencies: selected years 



Agencies 


1975 


1977 


1979 


1981 


1982 


19S3 


1964 1 


1985 1 


10131 ****** 


100 00 


100*00 




100.00 


100*00 


inn nn 

lvu*uU 


100*00 


lUU.uU 


Total (DM in 


















millions) + + + + 


7,538 


7,731 


10,026 


10J00 


11,906 


11.313 


11,622 


13,086 


Total 


















(constant 1975 


















dollars in 


















millions) 


$2,513 


$2*408 


$2,881 


$2,808 


$2,984 


$2,753 


$2,828 


$3,050 


BMFT 7 * ** * 


520 


52,3 


54*2 


551 


57*7 


57*3 


57.5 


54.6 


BMBW 5 


115 


;o*2 


79 


8*0 


7.7 


8.8 


8*6 


77 


BMWi* 




55 


9.5 


11.9 


10.6 


8.5 


8.3 


10*1 


BMVG 5 


19.8 


21.4 


18.5 


146 


14.2 


16.5 


17*0 


19 4 


Other 


101 


10.6 


9.9 


104 


9*8 


8.9 


8.6 


8*2 



2BMF! - Hdtm Unstry *or Reseifl* and lectmology 
^BMBW - FMefM Mifctfry f« Educate Wf Science 
*MVVt * Federal Umslry 0< Econorrues 
56WVG ■ FwteTi Mintstty to Defense 

SOURCE l^itf Mimst/y tor Re$e^ af>d Ttchnofcgy-^r^rwmsijer^ forfflretfMTg urn! fechnatoo^lehtFT), Bmfcsteucfitfon&wG l9S4. May 1984. 
and BMH Sfcmtftsdw foffrmrttfom. December 198$ 



Tabie B-11. Percent distribution of public research and development by objectives: 

1973, 1983, and 1984 



Public objective 




West Germany 


Itafed States 


1973 


1933 


19*4 


1973 


1933 


1984 


Total 




100 0 


100.0 


100 0 


100,0 


100,0 


100*0 


Agriculture, forestry, and fisheries 




1.9 


2.5 


24 


2*2 


23 


2.1 


Industrial development 




7.7 


12 0 


11*6 


3 


.3 


.2 


Energy 




102 


15 2 


15*0 


37 


6.6 


5.8 


Transportation and telecommunications * > * 




1*0 


1.1 


1*1 


3*4 


23 


2.5 


Urban and rural planning 




*5 


1*1 


1 1 


5 


.1 


1 


Environmental protection 




*6 


2*8 


2*8 


1*1 


5 


5 


Health 




33 


32 


32 


9.9 


11.5 


11 3 


Social development and services 




3*7 


2.4 


2.4 


28 


1.1 


1 2 


Earth and atmosphere 




1*6 


1 9 


11*4 


1 9 


1*5 


1 4 


Space 




54 


40 


39 


16*8 


5*5 


52 


Delense 




12*1 


9*6 


9*8 


53,6 


64,3 


66 0 


Advancement of knowledge 1 




52 0 


44*1 


44*4 


39 


3*8 


39 



'Itii&ttteQory should m be equated wrih basic »esearch It includes research and devefopment fin yiced From general purpose gouts Provided to univej&ties in 
West Germany such general university R&0 lunds represented Ihree-Jounfc d the advancement to fcrwiedoe category and constituted onettorcs u 3I1 
Government R40 Jwtds The d efence m emphists on ttn$ category by the United States and we? e Germany witects differences in approaches 10 hna ^ng 
research and devetapiwn 

SOURCE Ofgan^oon for Eowwrmc fr-opeubon *od oevek^nent. speau Tabulations* Ju»y iSSS 
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Table B-12. West German Federal prelected research and development (R&D) funds 
for selected priority areas: 1983-87 



[DM In millions] 



Priority am 


198s* 


1984 


1985 


1986 


1987 


Percent 
average 
annua] 
change 


Total Federal fl&O 


12.054.5 


1 2.279.4 


13.002.8 


12.977.0 


13.256.7 


2.4 


MPG. OfG. and FhG 1 


987.7 


1,025.0 


1,071.9 


1.114.4 


1.151.2 


3.9 


Basic research in natural science 
















745,8 


606.3 


845.4 






97 


Space fl&O 


762.4 


757.6 


8003 


851.7 


882.9 


3.7 


Aviation fl*0 


355.5 


389.1 


4865 


476.7 


440.8 


5.5 




2.492.0 


2.441.5 


2.470.4 


2,169.8 


2,119.0 


-40 




519.S 


K3.4 


412.2 


383.5 


391-4 


-6.8 




176.0 


177.5 


50.0 


.0 


.0 




Health 


478.9 


5225 


557.4 


5727 


589.5 


53 


Biotechnology 


99.1 


105.9 


115.4 


1196 


1233 


56 




91.6 


C5.9 


99.6 


107.6 


114.6 


5.8 


Production technology 


38.5 


70.0 


125.0 


130.0 


135.0 


36.8 




818.6 


838.4 


9989 


1,113.3 


1 239.5 


109 


Defense fl&O 


1,857,9 


1.955.7 


2.243.2 


2,173.2 


2.241.2 


4.8 



1 MP6 * Wwc*Ptandt Society Jot the Wvancefwnt d Stienoa: CFG * Getfrun Ae$earch Society; and FhG - Fraunhder Socttty lot the Actvinowritm of Appled 
Research. 

z&etoteKI the mtaoetaaraws ami ppfecil c^jmittcifoons tectowtooy proflfims. the irriamuixM tochnotoflir area wottf tnc«a» by 3 6 petttfrt 
SOURCE* Federal M**m fat Jtesetrch and iK^Ofly^vM^rawiim kjr rwstiiW uftd fechW^ie (BMFT) 



TabSe tt-13. West German Federal research 
and development (R&D) funds for selected 
priority areas: 1883 







Percent of 




Constant 


total federal 




1975 dollars 


research and 


Parity area 


in millions 


development 


Total federal research 






and development . 


2,933.0 


100.0 


MPG. OfG.andfnG 1 .. 


240.3 


8*2 


Bask; research is nJural 






science a;*as .... 


1815 


6.2 


Space fl&P 


185.5 


6.3 


Aviation R&0 


86.5 


29 


Energy fl&O 


606.3 


20.7 


information technriug* 




4.3 


Microfectroaics 


42 6 


1.5 


Health 


116.5 


4.0 


Biotechnology 


241 


.8 


Basic physical 






technologies 


22.3 


.8 


Production technology . 


9 + 4 


.3 


Innovation 


199.2 


68 


Defense fl&O 


452.0 


15.4 



WPG ■ Majf j\A Scoety tot the Advancement oJ Science. OFG - German 
fieseafth Soody* «id FhG ♦ fraotfwrer Soaeiy ior the Advancement <A 
Apf**d Keseirrt 

SOURCf Federal Ministry lor Research arid Technology— 8un< 
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Table B-14. institutes of the Mu-Pienck Society 



Institute 


Location 




KattenburgLindan 


MPI for Astronomy 


Heidelberg 


MPI for Chemistry 


Mainz 


MPI for Bkiphysical Chemistry 


Goettingen 




Dussekforf 


MPI for Solid State Research 


Stuttgart 


Fritz-Haber frtstttut« for Physical Chemistry 


Berlin 


GmeNn institute for Inorganic Chemistry 


Frankfurt/Main 


MPI Nuclear Physics 


Heidelberg 




Mulhelm/Ruhr 




Bonn 




Stuttgart 


MPI for Meteorology 


Hamburg 


MPI for Physics and Astrophysics 


Munich 




Garchlng bet Munchen 




Mainz 




Garching near Munich 


MPI for Radio-Astronomy 


Bonn 


MPI for Radiation Chemistry 


Mulheim/Ruhr 


MPI for RukJ Oymanics Research 


Goettingen 


MPI for Biochemistry 


Martinsvied near Munich 


MPI for Biology 


Tublnrjen 


MPI for Biophysics 


Frankfurt/Main 


MPI for Experimental Endocrinology 


Hannover 


MPI for NutrirJona! Physfrogy 


Dortmund 


MPI tor Medical Research 


Heidelberg 


MPI for Neurological Research 


Cologne 


MPI for Physiological and CfinrcaJ Research 


Bad Nauheim 


Fried rlcti Mtescher Laboratory for Biological Research . 


Tubingen 


MPI for Molecular Genetics 


Berlin 


MPI for Brain Research 


FranfcfurUMain 


MPI for Immune Biology 


Freiburg 


Clinical Research Groups of the Medical Clinics of the 






Goettingen 


Cli^cal Research Group for Coagulation and 




Thrombosis. University of Giessen 


Giessen 


Clinical Research Group for Multiple Sclerosis 


Wurzburg 


Clinical Research Group for Reproductive Medicine . . . 


Munster 


MPI for Biological Cybernetics 


Tubln^n 




Pton 


Matthaei Research Unit 


Goettingen 


MPI for Experimental Medicine 


Goettingen 


MPI for Psychiatry 


Munich 




Nijmegen, Netherlands 




Munich 


MPI for Systems Physiology 


Dortmund 


MPI for Behavioral Physiology 


Seewiesen 


MPI for Developmental Biology 


Tubingen 


MPI for Cell Biology 


Ladenburg near Heidelberg 




Cologne 


filbliothetai Rertziana (of Italian Art) 


Rome, Italy 


MPI for Educational Research 


Berlin 


MPI foi Psychological Research 


Munich 


MPI for History 


Goettingen 


MPI for Patent Law 


Munich 




Hamburg 




Heidelberg 




Frankfurt/Main 


MPI for Social Law 


Munich 


MPI tor Criminal Law 


Freiburg 



SOURCE total QwAfi md Bvttttt Kofr 77m Mix PtaKk-G*$stfisctotl $t*S tti institutes. Mtx-PUnd< Soo«ty— 
HvLJUtrt-Gnmaxft (MP6*. 1984 
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Table B-15. Special collaborative research programs supported by German Research Society (DFG) in 1985 by field 



Research areas 



Theoretical mathematics 

Approximation and optimization in applied 

mathematics 

Geometry and analysis 

Stochastic mathematical models 

Physics 

To^ospeclfic chemistry and spectroscopy of molecular 

systems 

Structure and dynamics of interfaces 

Hypersensitive interactions 

Polarization and correlation in atomic snook 

complexes 

Plasma physics 

Structural and magnetic phase transition in alloys and 

compounds 

Solid-state spectroscopy 

Atmospheric trace elements 

Sotid'State reactions 

Theoretical and practical stellar astronomy 

Energy transfer in processes of atomic and molecular 

impact I 

f tysics and chemistry of interstellar molecule clouds . 
Magnetic incidence and reorganization phenomena of 

metals 

Microscopic and structure related processes of atomic 

and molecular movement 

Medium energy physics 

Elementary surface stimuli 

Ferro electricity 

Chemlttry 

Oil technology and chemistry 

Photochemistry with lasers 

Chemistry physics of macro-molecules 

Characteristics of simple molecules-experimental 

investigations as indicated by quantum theory 

Organization of macromoiecular systems , 

Heterogeneous systems under high pressure 

local particle movement 

Primary processes of hactenal photosynthesis 

Eira sciences 

Geo-scientific problems of and regions 

Oceanography 

Survey and reconnaissance methods lor coastal 

regions and oceans 

Voltage and voltage transformation in the eithosphere 
The tropical sphere of the Atlantic 

Crystal structure and chemical bonds 

Satellite geodesy 

High precision navigation 

Engineering 

General and mechanical engineenng 

Vortexes in aviation 

Wave focusing in a continuum 

Correlation of production and component 

characteristics of synthetic materials 

Utilization of process heat from high-temperature 

reactors 

Flexible hand tools in machine manufacturing 

Motor combustion 

Energy and raw material saving manufacturing 

processes 



University 



Bonn 
Bonn 

Goettrngen 
Goettingen 



Bayreuth 
Berlin (Fu) 
Bedin 

Brefefeld/Munster 
Bocham 

Oulsburg/Buchum 

frankfurt/Darmstadl 

Frankfurt/Mainz 

Goettingen/Clausthal 

Heidelberg 

Kaisersiautem 
Cologne 

Cologne/Aachen 

Konstanz 
Mainz 

Munich (Tu> 
Saarbrucken 



Clausthaf 

Goettingen 

Mainz 

Wuppenal 
Freiburg 
Ertangen 
Hannover 
Munich (Tu) 

Beriin (TU) 
Hamburg 

Hanover 

Karlsruhe 

Kiel 

Marburg 
Munich (Tu) 
Stuttgart 



Aachen 
Aachen 

Aachen 

Aachen 
Aachen 
Aachen 

Aachen 



Research areas 

Construction models in machine manufacturing 

Motor technology 

Fire resistance of construction materials 

Air traffic safety 

Surface technologies 

Transportation systems tor conveyance of piece 

goods , 

Substance and energy transport in aerosols 

Coal conversion 

Machine noise and vibrations 

Heating installations 

Metallurgical tools 

Ship technology and construction 

Water and gas pbnfrcatron processes 

High pressure combustion chambers 

Silo construction 

Artificial intelligence 

Programming technology 

Reaction and exchange technology in dispersed two- 

pfoase systems 

Very targe scale integration (VLSI) 

Thermodynamic and flux problems of aerospace 

propulsion 

Production technology 

Flexible production assembly 

Architecture, town planning, and civil engineering 

Coastal engineering 

Measuring mechanics of currents lor construction 

purposes 

Natural and manmade drainage systems in ihe Alps 

and surrounding areas 

Far-extending surfaces for roofs 

Natural construction in architecture and nature 

Electronics 

Semiconductor technology 

Lite sciences 

Biology 

Characteristics ol biological membranes 

Regularities and control mechanisms of metabolism in 

ecological systems 

Structure, function and biosynthesis of peptides and 

proleins 

Oirected membrane processes 

Biological absorption and processing ol information . , 

Ion gradients thai steer cellular function , 

Structure and lunction of membrane-stabile proteins . . 

Biological signal reactions 

foundations of cellular reciprocal action and signal 

transmission 

Molecular biology of ihe cell 

Mechanisms of cellular communication 

Cell energetics and differentiation 

Eco*physioiogy: evaluation of ecological signals 

Organization of the eukaryote genom 

Biological, chemical, and technical foundations of 

bioconverston 

Reception and processing of signals in vertebrate 

hearing systems 

Intra* and intercellular identification systems 

Membranic transport'processes in cells 

Senses; adaphon ol structures and mechanisms 
Membrane research 



University 



Berim (Tu) 

Bochum 

Braunschweig 

Braunschweig 

Darmstadt 

Oartmund 

Ouisburg 

Essen 

Hannover 

Hannover 

Hannover 

Hannover 

Karlsruhe 

Karlsruhe 

Karlsruhe 

Karlsruhe 

Munich (Tu) 

Munich Ou) 

Saarbrurten/KatsersJaulem 

Stuttgart 
Stuttgart 
Sluttgart 



Hannover 
Korsruhe 



Munich (Tu) 

Sluttgart 

Sluttgart 



Aachen 



Aachen/Ousseldorf (with 
Juelich) 

Bayreuth 

Berlin (Tu) 

Benin (Tu) 

Bochum 

Bochum 

Oarmstadt 

Freiburg 

Goettingen 

Cologne 

Konstanz 

Marburg 

Marburg 

Mumch (U) 

Munich (Tu) 

Munich (Tu) 

Munster 

Osnabruck 

ftegensburg 

Saarbrucken 



O )2 
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Tible H5* Special collaborative research programs supported by German Research Society (DF6) in 1985 by field— Continued 



Research areas 



University 



Research areas 



University 



Chemical biology of micro-organisms 

Agrtcutture, lorestry* and veterinary medicine 

Patho-mechanisms of rheumatoid inflammation among 

humans and animals 

Bkteconornfc models of horticulture production 

Experimental research on animals 

Physlobgic-iiutritionat Quality In agricultural products . 
Suitable forms of small agricultural holdings in West 

Africa 

Production technologies lor cattle raising 

Medicine 

Artificial organs— models and replacements 

Experimental canter chemotherapy 

Cardiotojy 

Diabetic research 

Pathological mechanisms of brain functions 

Foundations of early detecting and assessment of 

cancer 

Experimental and clinical research into leukemia and 

tumors 

Medical virology (origins and development of tumors) 

Brain research and physiology of the senses 

Clinical and experimental hepatology 

Pathological mechanisms of viruses (virology) 

Cardiology 

Psychosomatic medicine, clinical psychology, and 

psychotherapy 

Functions and defects of receptor systems 

Cardiovascular system 

Psychiatric epidemiology 

Molecular cellular and immunological changes and 

defense mechanisms of malignant diseases 

Lymphatic system and experimental transplantation . . . 
Factors of tumor formation 



Tubingen 



Hannover (Ti Ho) 

Hannover (U) 

1 Hannover (Ti-HoMtertin 

(Fu) 
Hohenheim 

Hohenheim 
Munich flu) 

Aachen 

Aachen 

Dusseldorf 

Dusseldorf 

Dusseldorf 

Ertanger/Nurenberg 

Essen 

Freiburg 

Freiburg 

Freiburg 

Freiburg 

Gottingen 

Hamburg 
Hamburg/LubeCk 
Heidelberg 
Heidelberg 

Heidelberg 

Kiel 

Mainz 



Immunopattiogenesis 

Tumor and endocrine: basic endocrinology research .. 
Basis and clinical importance of extra cellular limited 

proieolysis 

Regulation and genetics of human immune response . 
Functional adaptation and differentiation of neuron 

systems 

Leukemia research and immunology genetics 

Neurobiologrcal aspects ol behavior and pathological 

deviations 

Biosynthesis, secretion, metabolism and effects of 

polypephd and steroid hormones 

Physiolooy of the cell system 

Cytologic foundations of experimental biology 

Gene expressions in vertebrate cell? 

Primary variability ol molecular mechanisms of cancer 

genes 

Social science! 

Processes of cultural and national identity in Afnca . . . 

Knowledge am society in the nineteenth century 

Information and coordination of economic activities . . 

Microanafytic foundations of social policies 

The world economy and international economic 

relations 

Administration during a period of change: 

differentiating processes 

Governmental allocation policies in a free market 

system 

Analysis of psychotherapeutic processes 

Linguistics 

Electronic linguistic research 



Mainz 
Marburg 

Munich 
Munich 

Munich 
Tubingen 

Tubingen 

Ulm 
Ulm 

Wurzburg 
Wurcburg 

WUrzburg 



Bayreuth 
Bochum 
Bonn 

Frankfurt/Mannheim 

Hamburg/Kiel 

Konslanz 

Munich 
Ulm 

Konstanz 
Saarbrucken 



WOTt These restif ch jrws m ejafrtptes o\ jf« j ol ticcterirc* within ihe urawvt** T^cot»WiJ*Ob*conjKkrs$ 
« pojsibfc nets lor saentrlic cooperatw* by U S soeirifsts jnd tnymn 
SOURCE Getmjn Research Society— OtuliCfte ^rwJwnffSflemetfWftill (0F6) 



Table 8*16. Funds for Industrial research 
and development: 1970-83 

(Constant 1975 dollars in millions] 



Year 


West Germany 


United States 


1970 


$4,063.9 


$24,749.3 


1971 


4*409.2 


23.792,2 


1973 


4*465.9 


24.440.0 


1973 


4.404.9 


25.296.4 


1974 


4.515.2 


24.677.2 


1975 


4.623.0 


24*167.0 


1976 


4.951,5 


25*466.9 


1977 


5.207,6 


26*629.5 


1976 


5,568.5 


27.753.3 


1979 


6.6437 


29.160.2 


1980 


'6.792,9 


31.122.4 


1931 


6.675.6 


33.211.5 


1982 


7*216.0 


34.695.6 


1963 


7.299.3 


36.369.9 



Table B-17. Industrial research and 
development expenditures as a percent of 
gross national product: 1970-83 



'Ettmita 

SOURCE 1 Orpfltafloh tor Economic Co-operate *nd OeveSopneni 



year 


West Germany 


United States 


1970 


1.32 


1.62 


1971 .... 


1.40 


1.70 


1972 


1.35 


1 65 


1973 


1.26 


1.60 


1974 


1 29 


1.60 


1975 


1.41 


1 56 


1976 


1.36 


1.57 


1977 


1.40 


1.55 


1976 


1.45 


1.54 


1979 


1.66 


1.58 


1960 


1.66 


1.69 


1981 


1.70 


1.75 


1962 


1.60 


1.89 


1963 


1.60 


1.90 



$GrRCt Orpwsjtich lor Economic Co<op«*uon iftd Dtveiopmetf 
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Tible B-18. Comparison of Industrial research and ifeveiopment 
expenditures: 1981 



|Qolrars in millions] 



Inoustry 


West Germany 


United States 


Amount 


Percent 


Amount 


Percenl 


Total 


StO,825 


100.0 


551,810 


1004 


Chemicals and allied products .... 


2,419 


22.3 


5.625 


10.9 


Machinery 1 


1,528 


14.1 


6,818 


13.2 


Electrical equipment 


2,592 


23.9 


10,329 


19.9 


Aerospace 


668 


6.2 


11,968 


23.1 


Professional and scientific 












210 


1.9 


3.614 


7.0 



1 ****** GpnpMtea 

SOURCES OQ*Aitt!XHt Ecoiwmc Co-of*ritK>o*>d Devt»Gpnem jrtftt* Nttonil Sotnct FettftfilKM 



Table B-19. Comparison of company research and development 
funds tn selected industries: 1981 



[Dollars in millions] 





West Germany 


United 


States 


Industry 


Amount 


Percenl 


Amount 


Percent 


Total 


$8,846 


100.0 


$35,428 


100.0 


Chemicals and allied products . . . . 


2,311 


26.1 


5.205 


14.7 


Machinery 1 


1,375 


15.5 


6.124 


17,3 


Electrical equipment 


2,196 


24.8 


6.409 


18,1 




148 


1.7 


3.440 


9.7 


Professional and scientific 










instruments 


1*6 


2.1 


2,978 


8,4 



SOURCES OrotAgrton lot Economy Co^peafton tod Oe**opmerrt v4 the Nibonal Sderw ftun&lwi 



Table B-20. Research and development 
(fl&DHo-sales ratios: 1981 





West 






Germany 


United States 


Industry 


R&O-to-sales 


R&0-to*sales 


TWal 


2,8 


3,1 


Chemicals and allied 






products 


4,6 


3,6 


Machinery 1 


3.1 


4.9 


Bectrical equipment , , 


7,3 


68 


Aerospace 


23,8 


16,0 


Professional and 






scientific 






instruments 


5,3 


8,1 



1 lftdud*t ttraputta 

SOURCES' Hrip Ecttwftott'Stwntti fbtsdtotiQ and EntmctiooQ (Fufl in 



Table B-21. Research scientists and engineers (S/E's) 
by Industry: 1981 





West Germany j United States 


Industry 


Research 
S/ES 


Percent 


Research 
S/ES 


Percent 


Total 


77,017 


100.0 


487.800 


100.0 


Chemicals and allied products , 

Machinery 1 

Electrical equipment 

Aerospace 

Professional and scientific 
instruments 


11,195 
13,935 
28,997 
4,271 

1,613 


14,5 
18,1 
37,7 
5.5 

21 


54,700 
69,200 
106,900 
95.200 

34,700 


11.2 
14.2 
21.9 
19.5 

7.1 



ifodiritt computers 

SOURCES Orpmstton to* Economic Coaptation trtf Pevttopment *od the Mtbomi Science ftnndtbM 



Table B-22. Research and development 
eipendltures In the higher education 
sector 1970-83 



(Constant 1975 dollars in millions] 



Year 


West Germany 


United States 


1970 


$1,276.5 


S5,735.5 


1971 


1.503.4 




1972 


1.574.3 


5,528.3 


1973 


1.539.1 


5,545.5 


1974 


1.570.9 


5,265.4 


1975 


1.530.3 


5,S59.7 


1976 


1.521.0 


5,738.3 


1977 


1.492.1 


5,690.2 


1978 


1,604.2 


6,189.2 


1979 


1.536.3 


6,345.0 


1980 


1 1,6?5.4 


6,563.6 


I98t 


1,695.9 


6,825.6 


1932 


1,654.1 


6,634.3 


1983 


1,654.5 


6,716.8 



'KSf estimate 

SOURCES Orpflttrton to* icocxxn* Co-ope*rtc* *nd Development and 
the Kjiboiul Socnce Fountains 



Tdble B-23. Higher education research and 
development (R4D) eipondltures as a 
percent of total 640 cipentfljures: 
1970-63 



ttar 


West Germany 


United States 


197C 


20.1 


16.0 


1971 


21.6 


16.1 


1072 


21.5 


15.5 


1973 


221 


15.2 


1974 


21.1 


14.7 


1975 


20.0 


15.G 


1976 . 


19 5 


15.6 


1977 


18.6 


15.4 


1978 


18.7 


154 


1979 . 


16.0 


15.1 


1980 


16.4 


15.0 


1981 


k<* 


14 3 


1982 


16 0 


13.9 


1983 


15.8 


13.5 



<NSF (Stimite 

SWRCE 0'9»»ubon bx Econonxc Co-opewlxm »j>J Seittopmefit 



54 



54 



Table 8-24, Higher education research and development (R4D) 
expenditures by field: 1 1981 





West Germany 


United States 


Field 


Amounl 


Percent 


Amounl 


Percent 


Total 


$3*949 


100.0 


$9,269 


100.0 


Natural sciences and engineering, 










total 


3.464 


88.2 


8,751 


94.4 


Natural sciences 


1*299 


32.9 


4*764 


51.4 




828 


21.0 


1.612 


17.4 


Medical sciences 


1*175 


29.8 


1*605 


17.3 




181 


4.6 


771 


8.3 


Social sciences 


464 


11*8 


518 


5.6 



tyifesl German tola hm bm adjusted byNSF to exclude R&D exflertdftuft* m the humurtes 
SOCiRCeS Gfoarasatxw for Economic Competition wd Develop rmrrt and the National Science Foundation 



Table B-25. Number of first university degrees granted: 1973-83 



Year 


All lields 


Natural 
sciences 1 


Engineering 


Agriculture 


Social 
sciences 




west Germany 


1973 


32*300 


5*400 


4*500 


1,000 


10*300 


1974 


33*600 


5.900 


5*100 


1.000 


10,500 


1375 


33*700 


5*600 


4*800 


1,000 


10.600 


1976 


36*500 


5*700 


5*700 


1.000 


10.800 


1977 


37*500 


6*100 


5,800 


1.200 


11.900 


197B 


39*800 


6*400 


6*500 


1*300 


13*300 


1979 


42*800 


6,300 


6*500 


1,400 


13*300 


1980 


46*300 


6.500 


6*700 


1,700 


14,100 


1981 


46*900 


7*300 


6,800 


1*800 


14*700 


1982 


50,600 


8.100 


7.100 


1*900 


14*700 


1983 


54,800 


8*900 


7*700 


2.100 


14,700 




1 hilled States 


1973 


980*700 


94,000 


47*000 


13*800 


140*600 


1974 


1*008,700 


101*000 


43,500 


15*100 


145,400 


1975 


987*900 


100*500 


40 J GO 


16*500 


137*900 


1976 


997*500 


102*300 


39*100 


18*300 


132*500 


1977 


993*000 


101*600 


41*600 


20*200 


125,100 


1978 


997.200 


99.200 


47.400 


21*000 


120*500 


1979 


1*000*600 


97*500 


53.700 


21*600 


115*800 


1960 


1*010*800 


96*800 


59*200 


21*100 


114,800 


1981 


1*019*200 


98*600 


64,100 


20*200 


112*100 


1982 


1,038*600 


102*300 


67*800 


19.200 


112*800 


1983 


1*054*200 


104*800 


73*000 


19.2(10 


110.300 



■Inctudes physical, fnathenuhcal. end btoiogital $c«nc«$ 

SOURCES' Slatosteches Bundesami ftvtonfiea to /teft#Auton t963* 196S. and the Matwut Science foumUlion 
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Table B-26< Number of doctoral degrees granted: 1973-83 







Natural 






Social 


Year 


All fields 


sciences' 


Engineering 


Agriculture 


sciences 




West Germany 


1973 


10,100 


2,000 


700 


200 


1,200 


197' ... 


10,700 


2,400 


900 


300 


1.400 


1975 


11,400 


2,600 


1,000 


300 


1,300 




11,500 


2.700 


1,000 


300 


1,300 


1977 


11,400 


2.800 


1,000 


300 


1,300 


1978 


11,800 


2,600 


1,000 


300 


1,300 


1979 


11,900 


2,700 


1,100 


300 


1.200 


1980 


11.200 


2,700 


1,000 


300 


1.200 


1981 


12,300 


2,700 


1,000 


300 


1,200 


1982 


13,000 


2,600 


1,000 


400 


1,300 


1983 


13,600 


2,700 


1,000 


400 


1,300 




United Slates 


1973 


33,800 


9,000 


3,400 


900 


5,800 


1974 


33,000 ; 


8,500 


3,100 


800 


5,900 


1975 


33,000 


8,400 


3,000 


900 


6,100 


1976 


32,900 


8,100 


2,800 


800 


6,200 


1977 


31,700 


7,900 


2,600 


800 


6,100 


1978 


30,900 


7,700 


2,400 


900 


6,100 


1979 


31,200 


7,900 


2,500 


900 


6,000 


1980 


31,300 


7,900 


2,500 


900 


5,900 





31,300 


8,000 


2,500 


1,000 


6,100 


1982 


31,000 


8,200 


2,600 


1,000 


5,800 


1983 


31.200 


8,200 


2,800 


1,000 


6,000 



Hfhjum ntftenubcal. and twtoQ»ca! sconces 

SOURCES SutrfiKhes Bumteuml. ftotongto an ttocttschvhn 1983* 1985, and the Hanorwi Scwea Foundaion 



Table B-27. First university degrees per 
100,000 population: selected years 





Natural sciences 1 


Year 


West Germany 


United States 


1973 


8.8 


44.4 


1981 


11.8 


42,9 


1982 


13.1 


44,1 


1983 


14.5 


44,7 




Engineering 


1973 


7.1 


22.2 


1981 


11.0 


27.9 


1982 


11.5 


29.2 


1983 


12.5 


31.1 



tjftdufe ptystf, miJhemaM and 
SOURCES- Sutsbstta BuixJttamt and 



$oenc*s 
touooaJ Sownc* foundation 



Table M8. Doctoral degrees per 100,000 
population: selected years 





Natural sciences 


Year 


West Germany 


United States 


1973 


3.2 


4,2 


1981 


4.4 


3,5 


1982 


4.2 


3.5 


1983 


44 


3.5 




Engineering 


1973 


1,1 


1.6 


1981 


1.6 


1,1 


1S82 


16 


1.1 


1983 


1,6 


1.2 



■Iratodts physical, maihemattal. and bokwcai stance* 

SOURCES. StoUsustites Buud*$amt and the National Scene* Foundation 

Table B-29. West German student 
enrollment distribution, winter semester: 
1983/84 



Table M0. West German female student 
enrollment fn universities, winter 
semester 1983/84 





Total 


Female 


Percent 


Field 


students 


students 


female 


All fields , . , 


873,172 


351,920 


40.3 


Natural sciences 


167,760 


56,594 


33.7 


Engineering 


95,266 


9,155 


9.6 


Agriculture 


21,781 


9,929 


45.6 


Social sciences . 


206,938 


69,936 


33.8 


Other fields ,,,, 


381,407 


206,304 


54.1 



SOURCE SiaustiSChes Bondesaml. Stodentefl an NotftsMcn Wtnttf* 



Table B-31. West German foreign student 
enrollment, winter semester 19B3/84 



field 


Total 
students 


Percent Field 


Total 
students 


Foreign 
students 


Percent 
foreign 


All fields 

Agriculture 

Social sciences 

Other fields 


873,172 


100.0 AlHields ,,. 


873,172 


50,568 


5.8 


167,760 
95,286 
21,781 
206,938 
381,407 


19 2 Natural saences 
10,9 Engineering 

2.5 Agncuiture 

23.7 Social sciences . 
43.7 Other fields 


167,760 
95,286 
21,781 
206,938 
381,407 


8,596 
9.258 
1,266 
9,180 
22,268 


5.1 
9.7 
5.8 
4.4 
5.8 



SOURCE StahStiS&hes Bundttamt. Stvfotittoi tn HOtft$tf>vfti> Wtnttr 



SOURCE Slatttlrttte* Bumtrcaml. Stufanteft it) HochstfiuttA Wtttftr- 
$ttmtor f&m Apnf \m 



56 



56 
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Tibie fl-36. Wwt German trade with the United States in 
technolofly-interuive products: 1 1970-84 



(Dollars In millions) 





Exports to 


Imports from 


Balance with 


Ytar 


the Unted States 


the United Stales 


the United States 


1970 


£454 


$957 


%— 503 


1971 


507 


^ ft AO 

1,046 


— 541 


1972 


606 


1,101 


-495 


1973 


off 

956 


1,392 




1974 


1,032 


1,627 


-595 


1976 


945 


1,816 


-871 


1976 


982 


2,120 


-1,138 


1977 


1,275 


2,389 


-1,114 


1978 


1*711 


3,292 


-1,581 


1979 


2,119 


4,124 


-2,005 


1980 


2,181 


4,695 


-2,514 


1981 


2,144 


4,991 


-2,847 


1962 


2,122 


4,386 


-2,264 


1983 


2,504 


4,356 


-1*852 


1984 


2,969 


4,500 


-1,531 



SOURCE SpteWtrttfrtropflptfidfortr* 
Dtta Rttourra* Inc. 1906 



Table B-37. Wert German trade In selected high technology products 1 with the 
United Stales and the world: 1984 



(Dollars in millions) 



Product group 


Exports 


Imports 


Balance 


United 
States 


World* 


United 
States 


World' 


United 
States 


Wbrld ; 




S2 ,968.9 


$36,652.9 


$4,500.3 


$28,063.8 


$-1,531,4 


£10*569.1 


Aircraft and parts 


119.5 


4,263.7 


270.3 


4,062.7 


-150.7 


211.1 


Office computing and accounting 
















341.1 


3,637.1 


1,361.0 


4,275.0 


-1.019.9 


-637.9 


Electrical transmission and distribution 














equipment 


542.3 


6,763.5 


88Q.7 


3,480.4 


-338.4 


3,283.1 


Communication equipment and 














electronic components 


180.1 


3,151.2 


568.5 


3,120.7 


-388.4 


30.5 


Professional and scientific instruments 


666.1 


3,879.6 


435.2 


2,448,2 


230.9 


1.431.5 


Drugs 


135.0 


1,934.9 


139.9 


1,139.1 


-4.9 


855.8 


Plastic materials and synthetics 


305.5 


7,015.7 


344.2 


4,110.1 


-38.7 


2,905.6 


Engines and turbines 


395.6 


3.088.6 


126.Q 


1.270.1 


269.5 


1,818.2 




44.5 


1,160.9 


24.1 


686.2 


20.4 


4747 


Industrial Inorganic chemicals 


220.3 


2.444.7 


344.8 


1.958.1 


-124.5 


486.6 


Radio and TV reoefofng equipment ... 


19.0 


1.253.1 


5.6 


1.523.0 


13.3 


-270.0 



ntoMtfoftHflfatf* products ti* those fefintf toft n thou lor wfckh n&O expomttuw «xcm4 2 36 percent ol site 

*WtKkf infc <W* b toturi on 0EC9 Trxfo Strto C rtfocting nLpmutan from 2* reporting cowtim iod nwty 200 partner «mntn« 

SOURCE: SptcUl Ubutettftt ptpHtf lor ft* Oflrtstofl o* Sdtflca Ftaourro Stwbtf. Ntborat Sotnca Foundtiort, by Qarta ftwirree. toe . 1966 
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other science resources publications 



NSF 

No, Price 

Science Resources Studies 
Highlights 

R&D Funds 

*$% Real Growth Projected 
Annually for Academic R&D 
Expenditures Through 1986* , 86-302 — 
"Defense Major Factor Behind 
Expected 7% Real Increase in 
1986 National R&D 

Expenditures* 85-331 — 

'9% Increase in Company- 
funded Research and 
Development Planned for 

1986* 85-329 — 

'15% in Federal R&D Funds 
Proposed in 1986 Budget, 

Mostly for Defense* 85-322 — 

Universities Report Research 

Equipment Shortages Are 

Most Severe in the Physical 

Sciences and Engineering* ,, , 85*320 — 

"federal Emphasis on Defense 

is Major Factor in 1983 

Increase in Industrial R&D 

Performance* 85-318 — 

"Federal Academic R&D 

Funds Continue Strong 

Growth Through 1985* 85-314 — 

S/E Personnel 

'Output of Science and 
Engineering Doctorates Stable 
in 1985, But Non-US, 
Citizens and Women Increase 

Their Shares of the Total* 86-308 — 

'Graduate &E Enrollment 
Shows Smallest Increase Since 

1977* 86-30* — 

"One-half of US, Firms 

Employ Foreign Scientists and 

Engineers' 85-336 — 



NSF 

No, 

"Science and Engineering 
(S/E) Graduates Find 
Increasing Opportunities for 
Employment in S/E 

Occupations' 85-334 

'Scientific and Technical 
Employment in 
Manufacturing Reaches 1,S 

Million in 1985' 85-330 

'All Fields Share in 3% 
Growth in Academic S/E 

Employment* 85-317 

'Shortages Increase for 
Engineering Personnel in 

Industry* 85-309 

"Ph, O* Scientists and 
Engineers Shift to Industrial 
Employment and Related 
Activities' 85-301 



Detailed Statistical Tables 
S/E Personnel 

Scientists, Engineers, and 
Technicians in Manufacturing 

Industries: 1983 85-328 

Immigrant Scientists and 

Engineers: 1982-84 85-326 

US. Scientists and Engineers: 

1982, Volume 2 85-307 

Characteristics of Doctoral 
Scientists and Engineers in 

the United States: 1983 85-303 

The 1982 Fbstcensal Survey of 

Scientists and Engineers 84-330 

U,S, Scientists and Engineers: 

1962, Volume 1 84-321 

Scientists, Engineers, and 

Technicians in Trade and 

Regulated Industries: 1982 , , , 84-320 



Price 



Characteristics of Recent 
Srience/Engi nee ring 
Graduates: 1982 



NSF 
No, 



84-318 



Price 



Reports 
R&D Funds 

Federal R&D Funding by 
Budget Function: Fiscal Years 

1985-87 86-306 — 

A Comparative Analysis of 

Information on National 

Industrial R&D Expenditures 85-311 — 

S/E Personnel 

Women and Minorities in 

Sac nee and Engineering — 86-301 — 

Federal Scientific and 

Technical Personnel: Numbers 

and Characteristics, 1973 and 

1983 85-312 — 

Projected Response of the 
Science, Engineering, and 
Technical Labor Market to 
Defense and Nondefense 
Needs: 1982-87 84-304 

Composite 

National ftttems of Science 
and Technology Resources: 

1986 86-309 — 

Science and Technology Data 

Book 85-323 — 

Science and Engineering 
Personnel: A National 

Overview 85-302 — 

Resources Supporting 

Scientific and Engineering 

Activities at Historically Black 

Colleges and Universities 85-332 — 
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